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rRKFAOE. 

T he excellent elementary text-books of Silvanus Thompson, 
Stewart and Gee, Jamieson, and some others, on the science 
of Electricity and Magnetism, are not elementary in the strict 
sense of the word ; they are somewhat difficult reading for the 
beginner, — especially the young or ill-educated beginner. 

My experience as a teacher of Electricity and Magnetism 
prompted me to write this book ; for I felt sure, as other teachers 
must have, that many nonchalant, dull, and backward students 
would be led to take a greater interest in their work, had they but 
an easy introduction to their text-book, such as this is intended 
to be. 

It has been tny endeavour to use the simplest possible language, 
to be careful in the proper use of terms and phrases, discarding those 
which are superfluous or ancient; and, above all, to write in accor- 
dance with the latest accepted ideas. I have not, however, thought 
it advisable, in this elementary work, to touch upon the theories 
of Dr. Oliver Lodge. 

For the information of teachers under the Science and Art De- 
partment, I may mention that this book covers the syllabus of the 
elementary stage. For their use, I have inserted a list of apparatus 
at the end of the book. 

Two of my students, MM. Checker and Cullingford, have greatly 
assisted me in the preparation of some of the drawings. 

I shall be most pleased to receive suggestions as to the im- 
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provement of the work, and to hear of any errors, difficulties in 
phraseology, etc., that may be noticed. 

In a forthcoming Second Boole of Electricity and Magnetism^ I 
hope to cover the ground of the Advanced Syllabus of the Science 
and Art Department, and to enter into the consideration of the 
construction of apparatus. 

W. PEBEEN MAYCOCK. 

“Milder,” Waddon, Surrey, 

Oct. ISOl. 
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A FIRST BOOK OF 

ELECTRICITY AND MAGNETISM. 

INTRODUaiTON. 

The science of Electricity and Magnetism may be 
divided into three branches : Magnetism ; Electrokinetics, 
or electricity iu motion ; and Electrostatics, or electricity 
at rest. 

Pakt I. 

MAGNETISM. 

1. Magnets. A magnet has the power of attracting or 
picking up pieces of iron or steel. 

2. Lodestone. A certain black or brown-coloured stone 
which is dug out of the earth, and from which iron may 
be extracted, naturally possesses 
the magnetic power of attracting 
iron, as may be shown by di 2 )ping 
a piece into a hea]) of tacks or 
iron filings. If it be hung up from 
its middle by a length of very fine 
untwisted thread, it will always be found to come to rest 
in a certain position, a particular )>art of it pointing 
towards the north, while the opposite end points south. 

B 



Fig. 1. Lodestone. 
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Such stone is called lodestone^ which means leading- 
stone, from the fact that it was used in early ages as 
a compass. 

3. Hardening Steel. Steel is a mixture of iron and 
carbon. A piece of steel which has been heated all over 
to bright redness, and then quickly dii)ped into cold water, 
will be found to have become much harder and more 
brittle than it was at first. The steel will not be hardened 


unless dii)ped in the water while it is at a bright red heat. 
To ascertain if the hardefting has been successfully 2 )er- 
formed, it is only necessary to rub the steel with a smooth 
file. If hard, the file will slip over the steel without 
cutting it. If the steel be overheated, i.e.^ to a white 
heat, it will be to a certain degree S 2 )oilt. 

4. Magnetising Steel by means of a piece of Lodestone. 
Take, say, four inches of steel wire, harden it, and rub it 
a dozen times from end to end with a jnece of lodestone. 
Dip the wire into iron filings or tacks, and it will pick 
some of them up. This proves that the piece of steel has 
become magnetised. 

5. How to tell a Magnet. If we had two pieces of 
hardened steel of exactly the same size, one of which 

was magnetised and the 




other not, there are three 
ways in which we might 


Fig. 2. Bar Magnet. 


find out which was the 
magnetised piece: First, 


if both pieces be laid in a heap of iron filings, the 


filings will stick to the ends of the piece which is 


magnetised, as shown in Pig. 2 ; but the i)iece which 
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is not magnetised will have no filings sticking to it. 
Second^ susj)end each i)iece in turn in a copper wire 
stirrup at the end of a length of untwisted silk thread, 
and make sure that it is quite balanced (Fig. 3). It will 
be found that one of them will always come to rest point- 
ing north and south, while the other will rest in any 
position. The piece Avhich points north and south is, of 
course, the magnetised one. 

The third method of ascertaining whether a piece of 
steel is magnetised or not, is mentioned in § 15. After 
this, instead of troubling to write the words north and 
south, we shall use the letters N. and S. 

6. Artificial and Natural Magnets. Lodestone magnets 
are sometimes called natural waf/netsy because they are 
found already magnetised. 

All other magnets are 
termed artificial mar/ nets. 

7. Poles of a Magnet. 

Every magnet has two 
ends, at which it will be 
found that the magnetic 
power of attraction is 
strongest. These ends arc 
therefore called the jjolcs 
of the magnet. The end or 
pole which turns towards 
the N. when the magnet is freely suspended, is called the 
N. imle ; and that w^hicli turns towards the S., is called the 
S. pole, 

8. Electro-Magnet. Take a bar of soft iron (z.e., iron 
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which has been heated to redness, and then allowed to 
cool gradually), wind a length of covered copper wire ^ 
round it, and send a current of electricity from a battery 
(§ 66) through the wire. The iron will be magnetised, 
and will remain so as long as the current is flowing,” 
but directly the current is stopped, the iron will lose 
its magnetism (F 'ig. 4). 

9. Electro-Magnets and Permanent Magnets. Such a 



Fig. 4. Magnetisation by an Eleotrig Current. 


magnet as the one just described is called an electro- 
magnet^ to distinguish it from a steel ov j>€rmanc7tt magnet , 
which when once magnetised, retains its power. 

10. Bar and Horseshoe Magnets. Straight magnets are 
called har inagnets, to distinguish them from horseshoe 
magnets^ in which the magnet is bent into a form some- 

^ Copper wire for winding electro-magnets, etc., must have a 
covering of cotton, silk, india-rubber, gutta-percha, or other sub- 
stance which will not allow electricity to “flow” across the coils, 
when touching, instead of through them. 
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tiling like a horseshoe, so as to bring both poles near each 
other, and thus enable them to act togethei* u^ion the same 
piece of iron. It is for this reason that the horseshoe- 
shaped magnet is most generally used. Fig. 5 represents 



Fio. 5. Permanent Magnets. Fig. G. Electro-Magnets. 


a bar and a horseshoe iiermanent magnet ; and Fig. 6, a 
bar and a horseshoe electro-magnet. 

11. How to make a Permanent Magnet. A bar of 
hardened steel may be magnetised by stroking it from 
end to end, on all sides, with one 
])olc of a strong permanent magnet. 

The strohiiiff must he alwaijs in the 
same direcl’tou^ not hachnuirds and 
forwards. The end of the ])iecc of 
steel last touched by the magnet 
will be of opposite polarity to the Magnetising a 

pole of the magnet which is used to Steel. 

stroke it. Thus supposing, (Fig. 7) the bar of steel had 
one end marked to distinguish it from the other, and that 
the steel were stroked from the unmai’ked to the marked 
end with the S. jiole of the magnet, then the marked end 
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would bccoiuo a N. j)olc. A better way is to place the 
bar in a coil of covered co])per wire round Avliicli a stronp;^ 
current of electricity is leaving it there a few 

minutes, and meanwhile tapping it sharply on the ends 
with a light hammer (Figs. 4 and G). On taking the steel 
bar out of the coil, it will be found to be permanently 
magnetised. 

The end of the bar which will be N. depends upon the 



Fig. H. CoMroiTND Magnet. Fig. 9. Magnetic Needle. 

direction in which the current is ^‘flowing” round the 
coil, as viewed from the end. (Sec § 88.) 

A still better -way is to stroke the steel from the 
middle to one end on one of the poles of a strong 
electro-magnet, say thirty times on each side and edge ; 
and then from the middle to the other end on the other 
pole of the magnet, thirty times on each side and edge. 

The reason wliy steel must be hardened before being 
magnetised will be understood by the student when he 
has read as far as § 30. 
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12. Compound Magnets. Compound magnets are made by 
clamping together tliin pieces of steelwhich have becnsepa- 
rately magnetised. Fig. 8 represents a compound horse- 
shoe magnet. A solid piece of steel cannot be strongly 
magnetised through and through, as may be proved by 
magnetising a steel bar, and afterwards immersing it in 
strong nitric acid. The acid will in time eat away the 



Fig. 10 . Dip Needle. 


outer skin, and the steel bar when tested will be found 
to have lost a good deal of, if not all its magnetism. 

In order to get as much surface as possible with a given 
weight of steel, solid permanent magnets are nearly always 
made of flat □, instead of round O or square □ steel. It 
is for this reason also — the amount of magnetised surface 
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— that a compound magnet is so much more powerful 
than a solid magnet of the same sha])e and size. 

13. Horizontal Magnetic Needle. As has been said be- 
fore, when a magnet is suspended, so as to be free to 
turn, its poles will point N. and S. A magnetic needle 
(Fig. 9) is a magnet specially constructed for observing 
this effect. It consists of a piece of thin sheet steel wdiich 
has been hardened and magnetised, and provided with 



Fig. 11. Magnetic Field of a Bae Magnet. 


a brass or agate centre ciqi, to enable it to be poised 
upon a fine hardened steel point, such as the point of 
a needle. The magnetic needle will move freely round 
upon its pivot, but if left to itself, will always come to 
rest with its poles pointing nearly true N. and S. 

14. Dip Needle. Another form of magnetic needle is 
shown in Fig. 10. The needle itself is very similar to 
the one just described, but it is so pivoted and suspended 
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that it can turn in any direction, right or left, up or down. 
This needle is called a rertical or dip needle, to distinguish 
it from the horizontal needle described in the preceding 
paragraph. 

15. Magnetic Attraction and Repulsion. If the N. pole 
of a magnet be brouglit near to the N. pole of a horizontal 
magnetic needle, the needle will turn away from the 
magnet. Such will also be the case if the S. pole of 
the magnet be presented to 
the S. pole of the needle. 

But if the N. pole of the mag- 
net be brought up to the S. 
pole of the needle, or the S. 
pole of the magnet to the N. 
pole of the needle, the needle 
Avill turn towards the magnet. 

If a piece of unmagnetised iron 
or steel be presented to either 
pole of the needle, attraction 
Avill result in both cases (§ 28 ). 

It is thus possible to tell by 
means of a magnetic needle 
whether a piece of steel is mag- 
netised or not. 

16. First Law of Magnetism, 
preceding paragraph are summed up by saying that: 
Like magnetic poles repel, unlike magnetic poles attract, 

17. Lines of Magnetic Force. The power which a mag- 
net possesses of picking up small pieces of iron, and 
of attracting or rei^elling the poles of another magnet. 



Fig. 12. Magnetic Field of 
A Horseshoe Magnet. 

The facts stated in the 
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and of pointing N. and S., depends on the existence of 
invisible Ihics of viof/nefir force^ which curve through 
the air from one pole to the other (Figs. 11, 12). 

18. Magnetic Jigures. Lay a magnet flat down on the 
table, take a slieet of glass having one side covered 
with white paper, lay the glass on the magnet with 
the paper downwards, and sprinkle iron filings from a 



Fig. 13 . Magnetic Figure given by a Bar Magnet. 


pepper-box evenly all over, gently tapping the glass mean- 
while. The filings will arrange themselves along the lines 
of force and give us what is called a magnetic figure. 
Fig. 13 represents the magnetic figure due to a bar magnet. 

19. Magnetic Figures illustrating Attraction and Repul- 
sion. It has been seen that two N. or two S. poles repel 
each other, while a N. and a S. pole wull attract each 
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other. If tAVO bar magnets be laid on the table in line, 
separated by a distance of, say, two inches, Avitli tlieir two 
N. or two S. poles facing ; by means of our sheet of glass 
and iron filings, we shall get a magnetic figure similar to 
the bottom one in Fig. 14, Avhich gives one a very good 
idea of the repulsion Avhich is taking place betiveen the 
lines of force of one pole and those of the other pole. If, 
on the other hand, Ave place the N. ])ole of one magnet 
opposite the S. pole of the other, 

Ave shall get a figure in aa hich tiie 
lines of force aa^III be continuous 
from pole to pole, clearly denot- 
ing the attraction AAdiich is taking 
place between them. Such a 
figure is shown in the top half of 
Fig. 14. 

20. Magnetic Field. The air 
space surrounding a magnet is 
filled with these invisible lines 
of force, and is called the 
netic field of the magnet. Any 
space filled with magnetic lines, 

Avhether they be due to a magnet 
or to an electric current in a AA ire (§ 71), is called a mag- 
netic field. 

21. Direction along Lines of Force. Besides going through 
the air, the lines of force due to a magnet arc supposed 
to pass through the substance of the magnet itself, from 
polo to pole. Just as Ave speak of going up or down a 
river or raiUvay, so avc imagine a positive (+) and a 


ATTRACTION 



REPULSION 

Fig. 14. Magnetic Figures 

ILLUSTRATING ATTRACTION 
AND ItErULSION. 
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iieg;ative ( — ) dii-ection along these lines of force. The 
+ direction along a line of force is from the N. to the 
S. pole of a magnet through the air, and from the S. to 
the N. pole through the magnet itself (§ 24). The lines 
of force themselves, when once set vp, do not move, though 
we frequently speak of them as running in certain direc- 
tions, just as we say that a road runs in a certain direction. 

22. There cannot he a Magnet with but One Pole. If a 
bar magnet be broken in half, each piece will be found 
to act as a perfect magneft, and besides, each half will 



MdEacsssas Ndssssss^ nosssss w « — 

Fig. 15. Ei-fect op bueaking a Magnet. 

be practically as strong «as the original whole piece. 
No matter hoAv many parts we break a magnet into, 
each will be found to be a complete magnet by itself, 
having a N. and a S. pole. To prove this : Take a ])iece 
of steel wire six inches long and about one-eighth of an 
inch in diameter. With a smooth file cut three notches, 
one in the middle, and one an inch and a half from each 
end. This will mark out the piece of steel wire into four 
equal j)arts. Harden and magnetise the wire (§§ 3, 11), then, 
as might have been expected,!! di])ped into iron filings the 
filings will adhere to the ends and to the ends only. 
Now sever the magnet in the middle (this may be easily 
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done because of the notch); the two halves will attract 
filings at botli ends. If we break each half, we shall 
have four distinct magnets. It will be noticed by the 
figure, that wherever we break the magnet, we get a N. 
pole on one side and a S. pole on the other. This may 
be proved by testing the broken pieces with a magnetic 
needle immediately after breaking them (§ 15). 

23. Magnetic Axis and Eauator of a Magnet. An imagi- 

nary straight line joining the tAvo poles of a bar magnet 
is called its mac/neiic axis. * ^ 

The magnetic axis of a 
horseshoe magnet is an 

imaginary line joining the ; / 

tAVO poles, and running A E | -1 

through the substance of 

the magnet. The mafj- J.; 

netic equator of a mag- 

net is an imaginary line 

drawn at right angles to Magnetic Axis and 

T 1 , Equatok of a Bar Magnet. 

its axis, and midway be- 
tween the two poles. Fig. 16 represents the magnetic 
axis and equator of a bar magnet, and Pig. 12 the 
magnetic axis of a horseshoe magnet. 

24. Free Magnetism. A line of force has no ends ; it 
forms a complete curve, whose shape depends upon 
circumstances. The lines of force issuing in all directions 
from the N. pole of a bar magnet curve through the air 
to the S. pole, and then through the substance of the 
magnet itself back to the N. pole, thus completing their 
circuits. In the figures on pp. 4, 8, 9, and 10, some of the 



14 


ELEGTEIGITY AND 3IAGNETIS3L 


lines of force appear to terminate in the air, but that is not 
really the case, as we have just remarked. Where lines 
of force pass from the substance of a magnet into the air, 
we have what is called free nia(jneiism, because it is 
only at such 2)arts that small 2)ieccs of iron will adhere 
to the magnet. Take a bar magnet for instance : we 
find that when dij)i)ed into tacks, the tacks adhere 
only at the two ends or 2)oles, /. 6 \, where the lines of 
force 2)ass from the magnet to the air ; and yet the 
magnet is strongly magnetised throughout its entire 



Fig. 17. Magnets completing their Circuits through 

THEMSELVES. 

length, as can be i^rovcd by breaking it into pieces 

(§ 22 ). 

25. Internal and External Field of a Magnet. The por- 
tions of the lines passing through the substance of the 
magnet constitute its internal fields and the other portions 
l^assing outside, from the N. to the S. pole, form the 
external field, 

26. Magnetic Circuit. The lines of force of a magnet, in 
completing their circuits from the N. to the S. pole, will 
jirefer to })ass through iron or steel rather than through 
the air, if the 02)portunity j)resents itself ; or will pass 
through the substance of a neighbouring magnet, pro- 
vided this other magnet is so disposed that its internal 
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lines are in the same direction as the external lines of the 
first magnet. It is therefore possible, as shown in Figs, 17 
and 22, to so arrange two or more magnets that their 
magnetic circuits are comj)letcd through themselves, only 
a few lines passing through the air : there is consequently 
very little free magnetism. By magnetic circuit of a 
magnet we mean the whole path of its lines of force. 

27. Law of Lines of Force. Neighbouring lines of force 
tend to turn themselves so that theg lie 2)arallcl with one 
another^ and in the same direcHon, As a consequence of 
this, if a magnetic needle or any magnetised scrap of iron 
or steel, no matter how small, be placed in a magnetic field, 
such as between the poles of a horseshoe magnet, it will 
turn so that its own internal lines arc parallel with, and 
in the same direction as, the lines of force of the field. The 
N. pole of the needle will then point in the + dh’ection 
along the field. Before passing on, the student should bo 
quite sure that he thoroughly grasps the meaning of this 
paragraph. 

28. Experiments with a Tube of Steel Filings. Get a 
glass tube, say ten inches long and five-eighths of an inch 
internal diameter. Cork up one end, and fill the tube 
lightly with steel filings, and cork up the other end. 
The filings should not be jammed into the tube, and the 
corks should be as short as possible. If the tube be pre- 
sented to a horizontal magnetic needle, we shall find that 
either end of the tube attracts either end of the needle, 
which proves that the tube of filings, as a whole, is un- 
magnetised (§ 15). 

Next, place the tube within a coil of covered wire, and 
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send a current of electricity from a battery (§ 66) round 
t}iG coil for two or three minutes, so as to magnetise the 
fHiiigs in the tube, meanwhile giving the tube a few 
gentle taps. Noav withdraw it carefully from the coil, 
taking cave not to shake it, and it will be found that 
the tube acts just like a magnet ; one end repelling the 
N. pole of the magnetic needle, and the other end attract- 
ing it. If the tube be placed in the stirrup shown 

in Fig. 3, one end will point N. and the other S. 
Now shake the tube vigoiously, so as to thoroughly dis- 
arrange the filings, and it will be found that all its 
magnetism has disappeared. 

29. Molecular Theory of Magnetism. What magnetism 
really is it is impossible as yet exactly to say, but it is 
convenient to look upon every particle of iron and steel 
as being a perfect magnet with a N. and a S. pole. 
Imagine what would be the effect of jumbling together a 
lot of small magnets : each little N. pole would unite 
itself with the S. pole of a neighbouring magnet, and vice 
versa, and there would be very little free magnetism. The 
molecules or particles of a piece of unmagnetised iron or 
steel may be considered to be in this confused condition, 
each little magnetised molecule completing its magnetic 
circuit through neighbouring molecules. The piece of iron 
or steel as a whole, therefore, exhibits no free magnetism. 

When we magnetise a piece of iron or steel, i.e,, when 
we so arrange its already magnetised molecules as to give 
us free magnetism, we do so by causing the lines of force 
due to a magnet or to an electric current in a wire, (§ 69) 
to pass through the substance of the piece of steel or iron 
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'magnetised. The effect of this (§ 27) is to cause 
Hittle magnetised molecules to set themselves in 
lines, and so that their own internal lines may 
the same direction as the lines of force which we 
passing through them. 

ais state of things is represented at the bottom of 
18. Except at the ends of the bar, all the N. poles 
|e opposite S. poles, and we get no free magnetism ; 

' at one end of the bar we have a row of free N. poles, 
1 at the other a row of free®S. poles, and there, con- 
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'^lo. 18. Illustrating the Unmagnetised and Magnetised 
Condition of a Bar of Steel. 

juently, we get free magnetism. The top and middle 
Fig. 18 represent a bar of steel in the unmagnetised 
i magnetised condition respectively. 

30. Difference between the Magnetic behaviour of Iron and 
jel. The molecules of a piece of steel may be supposed 
be much more closely packed together than the mole- 
les of soft iron. If the steel be hardened, its molecules 
come still more closely packed together. This ex- 
lins two facts : (1) If a bar of hardened steel and 
:)ar of soft iron be placed in turn within a coil of wire 
and which electricity is “ flowing,” the iron will be 

c 
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much more strongly magnetised for the time being 
than the steel. (2) When taken from the coil, the soft 
iron will be found to have lost all its magnetism ; 
but the steel will be permanently magnetised. The 
molecules of the iron and steel are alike magnetised, 
and at first are in the jumbled-up condition in which 
no free magnetism is apparent. When placed in turn 
within the coil of wire, the lines of force due to the 
current in the coil (§ 84) have much less difficulty in 
turning the molecules af the soft iron in line, than 
the molecules of the hardened steel, because the latter 
are so much more closely packed together. Conse- 
quently, while the electricity is flowing, the iron is the 
most strongly magnetised. When the current is stopped, 
or when the bars are taken out of the coil, there is 
nothing to keep the molecules of the soft iron in line, and 
as they are not closely packed together, and prefer to 
complete their magnetic circuits through themselves 
rather than through the air, they return to their previous 
jumbled-up condition, and the iron loses its free mag- 
netism. On the other hand, the molecules of hardened 
steel having been more or less turned in line, remain so, 
because — being so closely packed together — they are less 
free to move among themselves than the molecules of 
soft iron. This explains why it is that hardened steel may 
he permanently magnetised ; and also it will be clear why 
tapping a bar of steel assists its magnetisation (§ 11). 

31. What happens when a Piece of Steel or Iron is 
Magnetised. The student will now clearly perceive that 
when we magnetise iron or steel, we do not impart 
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magnetism to it from another body (such as a magnet or 
a wire carrying.clectricity), but merely use the lines of force 
of that other body for the jiurpose of turning the already 
magnetised molecules into line. 

32. Effect of Vibration and Heat on Magnetism. If a 
permanent magnet is subjected to rough usage, such as 
being dropi^ed on tlie floor or hit with a hammer, it will 
lose more or less of its free magnetism, for the vibration 
among its molecules allows them to jumble themselves 
up. When a body is heated, its molecules are set into rapid 
motion among themselves ; consequently if a steel mag- 
net be heated to a red heat, it wall be found on cooling to 
have lost all its free magnetism, its molecules having turned 
so as to complete their magnetic circuits among themselves. 

33. Magnetic Induction. We have seen that when lines 
of force from an independent source are made to pass 
through a piece of steel or iron, their eflect is to turn the 
molecules of the steel or iron into line, so that it exhibits 
free magnetism. In that condition the steel or iron is 
said to bo polarised. 

Experiment (Fig. 19). Tie together a strip of soft iron 
and a bar magnet, with a piece of cardboard or wood 
interposed, the iron being about the same size as the 
magnet. The iron will be found to be magnetised, as 
may be shown by dipping it into a heap of iron filings ; 
in other words, the soft iron is magnetised by the indue- 
tion of the neighbouring magnet. If the magnet be re- 
moved, the iron will lose its magnetism. What happens is 
this : the majority of the lines of force of the magnet, in 
completing their circuit, prefer to pass through the neigh- 
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bouring piece of iron rather than through the air. In so 
doing they polarise the soft iron, and cause it to exhibit 
free magnetism. 



34. Induction precedes Attraction. When a magnet 
attracts a piece of iron, it first of all magnetises it by 
induction. Let s n (Fig. 20) represent the piece of iron. 



Fig. 20. Magnetic Induction. Magnet inducing Magnetism 
IN A Piece of Iron before attracting it. 

As the north pole N, of the magnet is brought up to 
the iron, its lines of force pass through the iron and 
polarise it ; and, from what was said in § 27, it is evident 
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that the piece of iron will be so polarised that its end 
nearest the pole of the magnet will be of opposite polarity, 
and attraction will, as a consequence, take place between 
the N. and S. poles. 

35. Permanent Magnets and their Keepers. When not 
in use, permanent magnets should be so arranged that 
their lines arc allowed to complete their magnetic circuit 
through soft iron or through another magnet rather than 
through the air ; for if not, « they will slowly but surely 
lose their free magnetism. For*this reason bar magnets 
arc generally supplied in pairs, provided with two pieces 
of soft iron called keepers, and arranged as shown in 

Fm. 22. 

Fig. 21. They should not lie close together side by side, 
but should have a small piece of wood placed between 
them. A horseshoe magnet is, fur a similar reason, pro- 
vided with a keeper (Fig. 5), or two horseshoe magnets 
of the same size will act as keepers the one to the other 
(Fig. 22) (§ 26). 

Lines of force pass through iron or steel much more 
easily than through air, and this is the first reason why 
keepers should be used, for if the lines of force are not 
provided with an easy path, there is less compulsion for 
the molecules of the magnet to remain in their polarised 
positions. Furthermore, the neighbouring magnets in 
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Figs. 21 and 22 react on one another, and the keepers (in 
Fig. 21) becoming polarised, react on tlie magnets, all in 
such a manner that everything is favourable for keeping 
the molecules of the magnets in their polarised positions. 

36. Magnetism of the Earth. In §§ 5, 7, and 13, it is 
stated that if a magnet be freely suspended, it will come 



Fig. 23 . The Earth as a Magnet. 


to rest so that its poles point towards the poles of the 
Earth. The Earth acts as if it were a huge magnet, 
having its magnetic poles comj^aratively near to, but not 
coincident with, its geographical poles. The lines of force 
forming the Earth’s external field curve round over the 
surface of the Earth from 2 )olc to pole, and act on a freely 
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suspended magnet in such a manner that the magnet 
turns until it lays as nearly as possible along one of these 
lines (see § 27). This is the position which a dip needle 
takes up (§§ 14 and 40). 

In Fig. 23, the line — Sg represents the axis on which 
the Earth turns, or it may be considered as a geographical 
meridian passing over the Earth’s surface. Ng and Sg repre- 
sent the N. and S. geographical poles. is an imagi- 

nary bar magnet passing up through the centre of the 
Earth, s,„ being the Earth’s S.nnagnetic pole, and its 
N. magnetic pole. Just as the geographical equator g e 
is an imaginary belt passing round the Earth midway 
between its geographical poles ; so the magnetic equator 
is a line encircling the Earth, midway between its mag- 
netic poles, and passing through places where there is no 
dip, i.e., where the dip needle lies perfectly horizontal 
(§§ 39 and 40). The arrows denote different positions of 
the dip needle, the arrowhead being the N. pole. 

37. Magnetic Polarity of the Earth. As we call the 
pole of a magnet which points towards the N. geo- 
gra2>hical pole of the Earth, its N. pole ; to be correct, we 
must consider the magnetic pole in the northern hemi- 
sphere as being S. Similarly, the magnetic pole in the 
southern hemisphere must be N. 

38. Geographical and Magnetic Meridians. Declination. 
An imaginary straight line passing through any place on 
the Earth’s surface, and running in the direction of the N. 
and S. geographical poles, is called the geographical 
meridian of the place. An imaginary straight line pass- 
ing through any place, and running in the direction of 
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the Earth’s N. and S. magnetic poles, is called the 
netic meridian of the place. The angle between the 
magnetic and geograi^hical meridians is called the de- 


N 



Fig. 24. Declination. 


clination^ or declination amjle^ 
and denotes how much away 
from true N. the compass needle 
points (Fig. 24). The declination 
is constantly varying ; at the pre- 
sent time its value is about 17° 
., which means that when the 
compass needle comes to rest, 
true N. is 17"^ to eastward. 

39. Difference in the Action of 


the Horizontal and Dip Needles. At the equator, the 
lines of force due to the Earth arc horizontal, but be- 



Fig. 25. Action of the Dip Needle at vaeious pakts of 
THE Eaeth. 


come more and more vertical as wo a})proach either 
magnetic pole. A horizontal needle can only indi- 
cate the vertical plane in which these lines of force 
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lie: a dip needle, being free to turn in any direction, 
actually lays itself along these lines of force (§ 27). 
At the magnetic equator, the dip needle would be 
horizontal, but as we approached either magnetic pole, 
it Avould dip down more and more, till at the j)oles it 
would stand quite vertical. This action will be better 
understood from Fig. 25. The left-hand figure shows 



Fig. 20. Value of the Inclination or Dip at London. 

the. position taken up by the dip needle at the S. mag- 
netic pole^the arrowhead being the N. i^ole of the needle. 
The middle figure indicates the position of the dip needle 
at London, and the right-hand figure shows its position 
anywhere on the magnetic equator. 

40. Inclination or Dip. The angle which the dij) needle 
makes with the horizontal at any place on the Earth’s sur- 
face, is called the incliimtion or dip at that place. Thus, 
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at the equator the dip is hardly anything, at London it 
is 67°, and at the magnetic N. or S. pole it would be 90° 
(Figs. 10, 25, and 26). In the northern hemisphere the 
N. pole dips down ; in the southern hemis 2 )liere, the S. 
pole. 

41. Magnetisation of Soft Iron by the Earth. If a rod of 
soft iron, such as a poker, be fixed in the position which 



Fig. 27. Mariner’s Compass. 


a dip needle would take up, some of the lines of force 
of the Earth will run through the poker, and tend to 
polarise it. This may be shown to actually be the case 
if the poker is struck a few times with a mallet, to assist 
the polarisation of its molecules, — while in position, of 
course, — and its ends tested by means of a small compass. 
The lower end will be found to be N., and the upper 
end S., if the experiment is performed in the northern 
hemisphere. 
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42. Mariner^s Compass. The magnetic needle is indis- 
pensable in navigation, as thereby it is possible to at once 
ascertain the direction of the Earth’s poles, and, conse- 
quently, to direct the vessel’s course by the chart. In a 
toy compass the needle is pivoted above the card on 
which the various points of the compass are marked. To 
ascertain any particular direction, it is necessary to wait 
till the needle comes to rest, and then gently twist the 
case and card round until the N. point on the card is 
directly underneath the N. pole of the needle. In the 
marine r^s compass the needle is rigidly fixed to the under- 
side of the card, so that the needle 

and card swing round together, and 

the N. point on the card is always f 

pointing in the direction of N. The ^ 

compass is fixed within its box on * 

gimbal hearings^ so that the card will 

always be level, no matter how much 

the instrument be tilted by the pitching and rolling of the 

ship (Fig. 27). 

43. Astatic Needles. If two magnetic needles of equal 
size and strength be rigidly fixed one above the other, 
with their unlike poles opposite, such an arrangement 
will clearly be independent of the Earth’s magnetism, and 
will come to rest in any desired position when suspended. 
Two needles so arranged are called astatic needles or 
an astatic needle (Fig. 28). Astatic needles are used in an 
instrument called the astatic galvanometer (§ 93). 


END OF I'AllT I, 
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QUESTIONS. 

Paut I. — Magnetism. 

In answering these questions ^ give sketches wherever possible. 

1. What is a magnet ? 

2. What is lodestone ? 

3. How would you harden a piece of steel ? 

4. Given a piece of louestoiic and a sewing-needle, 
describe how you would magnetise the latter by means 
of the former. 

5. If you had two pieces of steel, alike in shape and 
size, one of which was magnetised and the other not ; in 
how many ways could you find out which was the mag- 
netised piece ? Explain each method. 

6. Explain the difference between an artificial and a 
natural magnet. 

7. Explain the difference between a permanent and an 
electro-magnet. 

8. What are the poles of a magnet? 

9. Has a bar magnet any advantage over a horseshoe 
magnet ? 

10. Given a bar of hardened steel, the ends of which 
are marked A and B, how would you magnetise it, by 
using the S. polo of a bar magnet, so that the B end of 
the bar became a S. pole ? 

11. IIow is a comjmund horseshoe magnet con- 
structed ? 

12. Give reasons for the greater strength of a com- 
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pound magnet as compared with a solid magnet of the 
same shape and size. 

13. What is a horizontal magnetic needle ? 

14. What is a dip needle ? 

15. Say what you know about magnetic attraction and 
repulsion. 

16. If a piece of steel attracts the N. pole of a mag- 
netic needle^ is that a proof that the steel is magnetised ? 
Grive reasons for your answer; 

17. What are lines of forc6 ? 

18. Give a sketch of the magnetic figures due to a bar 
magnet and to a horseshoe magnet. 

19. What is a magnetic field ? 

20. What is the + direction along the lines of force in 
the interior of a bar magnet ? 

21. Explain fully why a magnet must always have two 
poles. 

22. Given a bar magnet, N. S., explain with sketches 
what would be the result of breaking it into five pieces. 

23. If a horseshoe magnet were broken in two at its 
middle, what would be the result ? 

24. Define magnetic axis ” and magnetic equator ” 
of a magnet. 

25. What is free magnetism ? 

26. Explain the difference between the internal and 
external field of a magnet. 

27. Say what you know regarding the behaviour of 
lines of force among themselves. 

28. What would be the effect of suspending a small 
bar magnet in a magnetic field ? 
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29. Explain the molecular theory of magnetism. 

30. Give a full account of any experiments you know 
of which tend to uphold the above theory. 

31. What is meant by saying that so many small 
magnets can complete their magnetic circuits among 
themselves ? 

32. Give two sketclies, with explanation, illustrating 
the supposed condition of the interior of a bar of hardened 
steel — (1) in an unmagnetised condition ; (2) when mag- 
netised. 

33. Place a bar of hardened steel and a bar of soft iron 
in turn within a coil of covered wire round which elec- 
tricity is flowing. While within the coil, each will be 
magnetised ; the iron will, how^ever, be more strongly 
magnetised than the steel. After being taken out of the 
coil, the steel will still be magnetised, but the iron will 
have lost all its magnetism. Give full reasons for these 
effects. 

34. Why must steel be hardened before being mag- 
netised ? 

35. Explain clearly why, if we rub a knitting-needle 
from end to end with one pole of a bar magnet, the needle 
becomes magnetised. 

36. What would be the effect of making a bar magnet 
red-hot ? 

37. What is magnetic induction ? 

38. What is meant when we say that a piece of iron is 
polarised ? 

39. If the pole of a magnet be approached slowly to 
a tack lying on the table, the tack will at last jump 
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up to the magnet. Explain clearly what happens to the 
molecules of the tack. 

40. Why should permanent magnets be always provided 
with keepers ? 

41. Say what you know about the magnetism of the 
Earth. 

42. What is the difference between a geographical and 
a magnetic meridian ? 

43. Why does the N. pole of a magnetic needle point 
towards the N. geograjdiical pf)le of the Earth ? 

44. Why does the N. pole of a dip needle dip down- 
wards in Great Britain ? How would it act — (1) in Abys- 
sinia ; (2) in New Zealand ; (3) at the Earth’s N. magnetic 
pole ? 

45. Define declination ” and “ inclination.” 

46. Given a dip needle and a long bar of soft iron, say 
if you could render the latter magnetic without bringing 
it into contact with the needle. If so, how ? 

47. Explain the construction and use of the mariner’s 
compass. 

48. What are astatic needles? 

In answcrhifjf these questions^ (/iee sketches wherever 
possible. 



Part 1 1. 

ELECTROKINETICS, OR ELECTRICITY IN MOTION. 

44. Electricity. What electricity really is it is im- 
possible to say, but for ^he present it is convenient to 
look upon it as a kind of invisible something which per- 
vades all bodies. Electricians are able to keep electricity 
perfectly under control, and to use it for very many pur- 
poses ; yet all the while they have no certain knowledge 
of what they arc dealing with, except from its effects ; so 
that, although we shall hereafter frequently speak of 
electricity as flowing through a conductor^ or of a body as 
being charged with electricity at rest^ the student must 
bear in mind that these arc only convenient ways of 
explaining the various effects that are obtained. 

45. Theory of Electricity. Think of all substances — the 
Earth and everything on it — as having a certain quantity 
of electricity upon them. So long as every body has its 
proper share of electricity, no electrical manifestation is 
observed ; but directly we give a body more than its 
proper share, or, taking electricity from it, leave it with 
less than its proper share, then it is that we become aware 
of the effects of what we call electricity. 

46. Positive and Negative Electrification. When a body 
has more than its proper share of electricity, it is said to 
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be in a state of positive ( + ) elect ri/icat ion ; when it has 
less than its proper share, it is said to be in a state of 
negative ( — ) electrification} 

When two different sul)atances, such as glass and silk, 
or sealing-wax and flannel, arc rubbed togetlier, 4- electri- 
fication is developed on one, and — electrification on the 
other. If two plates of different metal are placed side by 
side in a liquid which acts chemically on one of them 
more than on the other, the same thing is observed — viz., 
one of the metals Avill be in a State of + , and the other 
in a state of — electrification (§§ 52, 53, 99). 

47. Potential. When a body is in a state of + electri- 
fication, it is said to be at a highei7>>f>/c?^/m/ than the Earth, 
whose potential is taken as zero. When a body is in a state 
of — electrification, its potential is said to be lower than 
that of the Earth. To make this more clear, let us consider 
a number of men. So long as every man had the same 
amount of money there would be no rich or ])Oor amongst 
them. But directly one man got more money than any of 
the others, he would become rich as compared with them. 
On the other hand, if one of them parted with some of his 
share, he would become poor as compared with the rest. 

While every man has an equal amount of money, the 
idea of riches or poverty does not exist. When every 
body has its proper share of electricity, electricity is not 
apparent. When a man gets more than the average share 
of money, he becomes rich — his value is increased. When 
a body has a surplus of electricity, its potential is raised 

^ The signs + and — when used here, signify positive and nega- 
tive, not plus and minus. 

D 
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above the average, z.e., above tlie potential of the Earth. 
When a man parts with some of his money, he becomes 
poor — his value is decreased. When a body has less than 
its j)ro})er share of electricity, its potential is lowered be- 
neath that of the Earth. Just as we measure the heights 
of mountains or the depths of mines from the sea level, 
so we take the potential of the Earth as zero. A body 
whoso potential is above that of the Earth is said to be at 
a -f potential, while a body whose potential is less than 
that of the Earth is said to be at a — potential. Though 
two bodies be at a + potential, it is clear that one 
may be at a higher potential than the other. Similarly, 
two bodies may be at a — j^otential, yet tliero may be a 
dilFerence of potential between them. 

48. “ Flow *’ of Electricity. Whenever any two bodies 
are at diflerent potentials, electricity tends to flow ” 
from the body at the higher potential to the body at the 
lower potential. Or if a body be at a higher or lower 
potential than the Earth, electricity tends to flow ” 
between the two until the potentials are equalised, 

49. Insulators. If there be a sufficiently great difference 
of potential, electricity wall flow through anything, even 
air, as is the case with the lightning flash. When elec- 
tricity is not at a high potential or pressure, there are 
some bodies which offer considerable resistance to its 

passage ” through them. With electricity at the low po- 
tential or pressure used in practical work, some substances 
offer such a comj)aratively high resistance, that practically 
they allow no electricity to flow through them. Such 
substances are called insulators or non-conductors. 
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50. Conductors. Bodies which allow electricity to “flow 
through ” them without much difficulty, are called con- 
ductors. There is, however, no such thing as a perfect 
conductor, for every body offers more or less resistance 
to the “ ffow ” of electricity. The difference between a 
conductor and an insulator is one of degree only, for 
whether a body will or will not allow electricity to “ flow 
through ” it, depends merely on the pressure of the 
electricity, the difference of potentials of the bodies 
between which the electricity t^nds to flow. 

51. List of Conductors and Insulators. Following is a 
list of bodies in their order of conductivity : those at the 
top of the list, the metals especially, offer very little re- 
sistance to the passage of electricity, and arc therefore 
called conductors ; as we descend the list, the bodies in- 
crease in resistance, becoming worse conductors and 
better insulators ; those at the bottom offer extremely 
great resistance to the flow of electricity, and are there- 
fore called insulators. 

Good conductors . Metals. 


Fair conductors K 


Charcoal and coke. 

Carbon. 

Plumbago. 

Acid solutions. 

Sea water. 

Saline solutions. 

Metallic ores. 

Living vegetable substances. 
Moist earth. 
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Sciiii-conductors 


' Water. 
The body. 
Flame. 
Linen. 
Cotton. 
Dry wood. 
^ Marble. 


Insulators 


/ Slate. 

Oils. 

Porcelain. 
Dry leather. 
Dry paper. 
Silk. 

India-rubber. 

Gutta-percha. 

Ebonite. 

Mica. 

Jet. 

Sealing-Avax. 

Sulphur. 

Resins. 

Amber. 

Paraffin wax. 

Shellac. 

Glass. 

^ Dry air. 


52. Contact causes Electrification. The mere fact of 
bringing unlike surfaces into contact is sufficient to de- 
velop -f electrification on one surface, and — electrifica- 
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tion on the other. Thus, for instance, if two different 
metals, such as silver and copper (a half-crown and a 
penny), be laid one upon the other, one will become 
positively electrified and the other negatively electrified, 
but it requires a very delicate electroscope (§ 112) to 
detect the potential difference between the two. If a 
piece of zinc be substituted for the silver, the same effect 
will occur. 

53. Simple cell. It is not necessary for the two metals 
to be in actual contact with each other. If they be put 
side by side into some liquid which will act on one of 
them more than on the other, a much greater potential 
difference will be set up between the two. Thus, if a 
plate of zinc and a plate of copper, each with a piece 
of copper wire soldered to it, be stood side by side — 
without touching — in a glass vessel containing one part 
of sulphuric acid mixed with about ten parts of water, 
the wire connected with the copper j)late will be at a 
-f- potential, and the wire in connection with the zinc 
plate will be at a — potential. If the wires be joined 
together, electricity will flow through them in the fonn 
of a current^'* from the copper to the zinc. It is con- 
venient to suppose that the electricity starts from the 
surface of the zinc plate, passes through the liquid to the 
copper plate, and thence through the connecting wires 
back again to the zinc. 

54. Action of Simple cell. A constant potential difie- 
rence (abbreviated P.D.) is kept up between the zinc 
and copper plates, due, firstly, to the contact of two 
different metals, Le.y where the copper wire is fastened 
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to the zinc plate, and secondly and principally to the 
chemical action of the excitimj jiuid upon the zinc. The 
chemical action of the sulphuric acid on the zinc is as 
follows : — Su]])huric acid is made up of three elements, 
sulphur (S.), oxygen (O.), and hydrogen (H.)j united in 
the proportions of SO4H2, 1 of sulphur, 4 of oxy- 
gen, and 2 of hydrogen. The SO4 part of the sulphu- 
ric acid (SO4H2) much 
prefers to unite itself 
with zinc (Zn.) than with 
hydrogen (H.), if the 
wires between the zinc 
and copper plates be 
joined: consequently, the 
Zn. dissolves into the 
acid, Ibrming zinc sul- 
phate (S04Zn.), and H. is 
set free in the form of a 
gas, which passes through 
the liquid, and plasters 
itself upon the surface 
of the copper plate. 

The chemical action we have just described may be 
expressed as follows : — 

Zn. + SO4H2 = S04Zn + H^. 

55. Polarisation. The deposition of II. gas upon the 
surface of the copper plate weakens the current : firstly, 
because the electricity has to pass through a film of II., 
which offers considerable resistance ; and secondly, because 
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the copper jJate at last becomes so covered with hydrogen 
bubbles, as to be practically a hydrogen plate. Now 
the effect of dipping a hydrogen and a zinc plate together 
into dilute sulphuric acid, would be to set up a current 
from the II. to the Zn. plate inside the cell, and from the 
Zn. to the H. outside ; this current would, therefore, 
work against the Zn. to Cu.^ current, and so weaken it. 
When the action of a cell is stopped in this way, the 
cell is said to have become polarised. If the II. bubbles 
could only be prevented from sticking to the Cu. plate, 
the simi^le cell would give a current so long as there was 
any zinc left, and any sulphuric acid to act upon it. 

56. + and — Plates of a cell. In a simjde cell, other 
materials besides copper may be used with the zinc 
plate, c.//., platinum, silver, or carbon, or in fact any 
conducting substance which will not be acted upon by 
the sulphuric acid. A cell is a kind of chemical furnace 
wherein zinc (the fuel) is dissolved (or burnt) in acid, and 
an electric current developed. The zinc is therefore 
called the + plate or element of a cell, because, as we saw 
in § 53, it is from the surface of the zinc that the current 
is supposed to start, j)assing through the exciting liquid 
to the other plate, and thence through the wires outside 
the cell back again to the zinc. This other plate, the — 
plate or element of the cell, which may be of silver, plati- 
num, carbon, copper, etc., is not acted upon by the liquid, 
and may be regarded simply as a kind of conducting hand 
which is dipped into the cell, collecting the electricity 
therefrom, and leading it away to the outer circuit. 

* Copper, Latin Giiprum ; abbreviated Cu. 
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57. + and — Poles of a cell. Tlie electricity starts on 
its outside journey from the — plate of the cell, passing 
through the wires to tlie -f ])hite. The — plate is therefore 
called the + ])ole of the cell, and the + plate the — pole. 

58. Local Action. In § 54 it was stated that the Zn. 
only dissolved into tlie acid when the + •'ind — plates 
were joined by a wire outside the cell ; this unfortunately 
is only the case if pure zinc be used. Pure zinc, how- 
ever, is very difficult to obtain, the zinc of commerce con- 
taining many impurities, ^uch as small particles of coke 
(carbon), lead, tin, iron, etc. When the zinc plate is dipped 
into the cell, each minute particle of foreign matter with 
the zinc round it forms a little local cell, and the con- 
sequence of this is that the zinc is continually being eaten 
away, whether a current is taken from the cell or not. 
This eating away of the zinc when the cell is supposed 
to be at rest, is called local action. 

59. Amalgamation. Lo(*al action may bo prevented by 
thoroughly cleaning the surface of the zinc ])late in dilute 
acid ( 2 .C., acid mixed with about 10 parts of water), and 
then applying mercury (quicksilver) by means of a piece 
of rag tied to a stick. The mercury will form a bright 
film or amalgam over the surface of the j)late, which in 
this condition is said to l)e amalcfamatcd. The zinc plates 
of cells are not always amalgamated, partly because some 
exciting fluids do not act so strongly on the zinc as others, 
and also because of the expense. 

60 . Two-fluid cells. Polarisation, and its weakening 
effect on the current, could be prevented in the simple 
cell if the II. bubbles were shaken or brushed olF, as 
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soon as they formed on the copper plate, but to do so 
would not be practicable. In iwo-Jluid cells, polarisa- 
tion is prevented by surrounding the — plate with a liquid 
or solid which will absorb the H. bubbles. 

This liquid is called the dcjwl a rising fluid of the cell, 
and is, in most cells, separated from the exciting fluid 
by a porous partition of unglazed earthenware, which 
allows PI. and electricity to find their way through, 
but keeps the liquids separate. When a solid is used to 
absorb the IT. gas, as in tlie teclanche cell (§ 05), it is 
called the depolarise)'. There are many kinds of two- 


fluid cell, the principal of which 
will now be described. 

61. Daniell cell. The Daniel 1 
cell is made in a variety of forms, 
but the principle of all is the 
same. Tlie cell is generally 
divided into two parts by a 
porous partition, the zinc being 
in one half, surrounded by dilute 
sulphuric acid as in the simple 
cell ; and tlie copper jilate in the 
other half dipping into a satu- 
rated solution of sulphate of cop- 
per, i.e., water in which as many 
as possible of the blue crystals 



Fig. 30. Daniell Cell. 


of sulphate of copper are dissolved. 

Fig. 30 illustrates a form of Daniell cell. In the outer 
glass cell stands a cylinder of thin sheet copper immersed 
in the sulphate of copper solution, and surrounding' a 
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porous pot of unglazed cartlienware containing a zinc 
cylinder and dilute sulphuric acid. Instead of the zinc 
cylinder, a rod or plate of zinc may be used. The 
chemical action of the cell is as follows : the zinc burn- 
ing in the sulphuric acid, forms sul23hate of zinc and sets 
hydrogen gas free. The hydrogen, passing through the 
porous partition, is attacked by the sulphate of cojiper 
(SO4CU.), and with the SO4 [)art of it forms sul2)huric 
acid (SO4II2), the liberated coj^per being dej)osited upon 
the surface of the co2)per jd^tc instead of hydrogen gas. 

The action is expressed as follows : — 


Porous partition. 


Zn. + SO4TI2 
(Zinc cylinder (Sulphuric 
or rod.) acid.) 

SO^Zn. 

(Siil]jhate of ;5inc.) 


SO4CU. 

(Sulphate 
of copper.) 

ll-f SO4CU. 

(Hydrogen.) (Sulphate of cop.) 
SO4U.2+CU. 
(Sulphuric (Copper depo- 
acid.) sited on co2> 
per plate.) 


62 . Bunsen cell. In the Bunsen cell, a carbon plate is 
used for the — element, immersed in the strongest nitric 
acid ; the zinc jdate as before being in dilute suljAuric 
acid. A i^orous i^ot contains the carbon plate and nitric 
acid, the zinc, which must be well amalgamated, being 
made in the form of a cylinder surrounding the i)orous 
pot, and standing in the outer cell. The nitric acid 
absorbs the hydrogen gas, so j^rcventlng it from reaching 
the carbon jdate, and causing 2)olarisati()n. 
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63. Bichromate cell. In the bichromate cell, the porous 
partition is dispensed with, a single fluid acting both as 
exciter and depolariser. Zinc and carbon are used, dip- 
ping side by side into a solution made as folhnvs : — 



Finely-powdered bichromate of 2>otash 3 oz. 

Boiling water 1 pint. 

Stir with a glass rod, allow to cool, and then add gently, 

stirring all the while. 

Sulphuric acid 3 oz. 

The solution must be allow^ed to cool before being used. 
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The zinc and carbon plates are p^enerally of the same 
size, one of the carbon plates, of wliich there arc two, 
being strapped on cither side of the zinc, separated from 
it by strij^s of wood, which have been previously soaked in 
boiling paraffin wax. The zinc in this cell requires to be 
well amalgamated, and must not be 
left in the solution for any length of 
time, or it will soon be eaten away. 

The plates or elements of the cell 
should not be placed in the solution 
until the cell is wanted for use ; and 
should be taken out and rinsed in 
clean water, directly the cell is done 
with. 

64. Fuller cell. The Fuller cell is 

much the same as the Bichromate 

cell, except that a porous pot is used 
Fig. 33. Fuller Cell. , x j j 

to separate the exciting and de- 

])olarising solutions. In the outer earthenware or stone- 
ware cell stands a carbon plate immersed in a solution 
made as follows : — 

Chromic acid . . . . . 3 oz. 

Water 1 pint. 

Stir till dissolved ; then add gradually, with constant 
stirring. 

Sulphuric acid 3 oz. 

This solution must not be used till cold. 

The zinc rod stands in the porous pot in a very weak 




ELEGTBOKINE TI GS. 


45 


solution of sulphuric acid. The zinc must be well amal- 
l^amated, and for this purpose it is cast with a foot, so 
that it will stand ujjright in the porous ])ot, and about 
2 oz. of mercury are poured in so as to cover the bottom 
of the zinc. The porous pot should be soaked in boiling 
paraffin wax, leaving only a strip about half an inch wide 
down the side untouched. This prevents the too rapid 
mixing of the liquids, for when the chromic acid solution 
soaks through into the porous pot, it eats away the zinc 
very quickly. If the poi^biM pot (which should be a 
dense one) be paraffined as directed, the cell may be left 
to itself without troubling to withdraw the zinc after 
use. Herein lies the advantage of 
the Puller cell over the ordinary 
Bichromate cell, an advantage which 
enables it to be very extensively Z/f, 
used in telegraphy, etc. 

The above solution may be used 
in the Bichromate cell, and the solu- 
tion mentioned in § 63 may be used 
in the Fuller cell. 

65. LeclancW cell. This cell is very 
much used for electric bell and alarm 
work. It consists of a carbon plate leclanche 

in a porous pot, closely packed round Cell. 

with small lumps of broken carbon 
and black oxide of manganese, in equal proportions. This 
latter forms the solid depolariscr of the cell. The porous 
pot stands in a glass jar containing a zinc rod, and an 
exciting solution made by dissolving crystals of sal am- 
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moniac in water. This cell must only be used for inter- 
mittent work, if it be made to give a continuous current 
for any length of time (say half an hour), it will run 
down ” or polarise, but will recover itself after an interval 
of rest. It is not absolutely necessary for the zinc rod 
to be amalgamated. 

66. Cells in Series and Parallel. A hatter ij of cells is 
generally formed by connecting the zinc of one cell with 
the carbon or copper of the next, and so on to the end ; 
the free carbon or copper* plate at one end, and the free 
zinc at the other end, forming respectively the + and — 
terminals, or poles of the battery. Electricians represent 



Fig. 35 . Three Cells Fig. 36 . Three Cells 

“ IN Series.” “ in Parallel.” 


a cell by the symbol — Ij— , the short thick line repre- 
senting the zinc, the long thin one the carbon or copper. 
Cells so arranged are said to be in series. 

In some cases, as when the battery has to work through 
a very low outside resistance, and a strong current is 
wanted, cells are joined in parallel^ of which there are any 
number of methods. The simplest arrangement is to 
join all the zincs of the cells together to form one pole, 
and all the carbons to form the other pole. 

Fig. 35 represents three cells in “series,” and Fig. 36 
three cells in “ simple parallel.” 

Another parallel arrangement of cells is shown in 
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Figs. 38 iiiul 39, wliidi maybe described as iJtree parallel 
rows of four cells in series. 

67. Electromotive Force of cells. Principally owing to 
the chemical action of the exciting fluid on the zinc, the 
P.D. between the poles of the cell is kept up constantly, 
so that a steady current” of electricity flows along the 
outside wire when they are joined together. The total 
P.D. of a cell is called its Electromotive Force (written 
E.M.F.), and is measured in rolls. The E.M.F. of a cell 
depends upon the materials oS which it is composed, and 
consequently varies in different cells, as will be seen from 
the following table : — 

E.M.F. in Volts 
(approximate). 


Fuller 2T4 

Pichromate ...... 2*00 

Bunsen I *96 

Leclanche ...... P60 

Daniell POO 


G7a. Use of Batteries and Dynamos. Batteries are used 
to furnish the current required in working telegraphs and 
telephones, electric signals, alarms, and bells, etc. When 
strong currents are required, as in electric lighting, and in 
the working of electric railways, etc., the currents are ob- 
tained from dynamos. A dynamo is a machine in which 
coils of wire are rapidly revolved in the magnetic field of 
powerful magnets, this causing currents to be induced in 
the coils of wire (§ 97a).^ 

^ See the Author’s “Practical Electrical Notes,” published by 
Spon. 
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68. The Circuit. The circuit is the conducting path 
through which the electricity ‘‘'flows.” Every circuit 
may be divided into three parts : — 

(«) The source of electricity, the battery or 

dynamo (§ 976*). 

{h) The apparatus through which the electricity flows. 

(c*) The wires connecting the various j)arts. 

69. Properties of a current. A current of electricity 
has various properties, the principal of which are : — 

{a) Heating. When electricity “ flows” along a wire, 
if the wire be thin and the current strong, the wire will 
be heated by the passage of the electricity. 

(b) Magnetic. When electricity “ flows ” along a wire, 
it sets up invisible circular magnetic lines of force round 
the wire. If the current be strong enough, the wire will 
be able to pick up iron filings Avhile the current is 
j)assing. 

(c*) Chemical. If electricity is passed through certain 
chemical solutions, it will split them up into their con- 
stituents. Thus, if electricity be passed through water, 
the water will be split up into the two gases. Hydrogen 
and Oxygen, of which it is composed.^ 

70. Heating Effect of a current. Whenever electricity 
flows through a conductor, that conductor always becomes 
heated to a certain extent, because there is no substance 
which will allow electricity to flow through it without 
offering some resistance to its passage, and it is in over- 
coming this resistance that the current develops heat. 

^ A few drops of sulphuric acid must be added to the water, to 
make it conduct better. 
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If the wire be of a good conducting substance, such 
as co])per, and if it be thick, and if the current be not 
very strong, the heat developed will be so little as to be 
hardly noticeable. On the other hand, if the wire be of a 
material which is not so good a conductor as 
copper, such as iron or german silver,^ and /fJTl 
if the wire be thin, the passage of a strong 
current will make it red hot. This is the £ I l 
principle of the incandescent OY gloiv lamps 
so much used in electric lightfng. The 
electricity is made to pass through a wire Glow 

or filament of carbonised material enclosed ’ 
in a glass globe, from which all the air has 
been extracted. The reason for pumi)ing the air out of 
the globe, is, that if the carbon filament were heated in air, 
it would immediately oxidise, or burn away. 

71. Magnetic Effect of a Current 

(Fig. 38). If a sufficiently 

strong current be passed through . 

a wire, and the wire dipped into H 

iron filings, the filings will ad- |_j_iU| 

here to the wire as long as the ■'ll 

current is on,” but will drop off 

directly the current is stopped. IL JJ 

This proves that when electricity ^ ^ 

" flows ” through a conductor, Eia. 38. Magnetic Effect 
that conductor, or rather, the ^ Cuiirent. 

space around it, becomes magnetic, and remains so as 
long as any current is passing. We cannot have magne- 

^ German silver is an alloy made of copper, nickel, and zinc. 


— mHl 
-iHhhi- 

/7fo/r 
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tisrn without lines of force (§ 17), therefore a current- 
carrying conductor must have lines of force round it. 
The battery, arranged as shown in the figure, should be 
composed of Bichromate or Bunsen cells. 

72. Magnetic Field round a Wire carrying a Current. To 
show how the lines of force round a conductor arrange 



themselves, fix a thick copper wire ujmght through the 
centre of a piece of cardboard, as shown in the Fig. S9 ; 
pass a current through the ware from a strong battery (say 
three parallel rows of four bichromate cells in series), and 
sprinkle iron filings iii)on the cardl)oard. The filings will 
arrange themselves as shown in the figure, proving that 
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the magnetic field of the wire is made up of circular lines 
of force. Fig. 40 is an imaginary picture of a wire 
carrying a current, and encircled by tlic lines of force. 
Whenever a current, however weak, passes along a con- 





Pm. 40. 


ductor, a magnetic field is set up round that conductor, 
but the lines of force cannot be detected by means of iron 
filings in the manner just described, unless the current 
be very strong. In the next paragraph we shall see that a 
much more delicate method 

of detecting their presence, ^ ^ 

(and therefore, also, the exis- 

tence of a current), is by | 

means of a magnetic needle 1 

73. A Current in a Wire 


deflects a Magnetic Needle. Pia. 41. Deflection of a 
From what was said in § 27, Magnetic Needle by a 
it should be evident that if Current. 


we bring a freely suspended magnetic needle near to a 
wire along which electricity is passing, the needle will be 
influenced by the magnetic field of the current in the 
wire. Take a horizontal magnetic needle (§ 13), poise it 
on its pivot, and when it has come to rest, stretch a wire 
above or below it, and parallel with it. If the ends of 


52 


ELECTRICITY Am MAGNETISM, 


wire be now connected to the poles of a battery, directly 
the circuit is completed, the needle will move from its 
position of rest, and lay itself more or less at right angles 
to the wire, according to the strength of the current. 

74. Direction of Magnetic Field round a Wire carrying a 
Current. Referring again to § 27, it will be clear that 
when a current deflects a neighbouring magnetic needle, 
the needle will try to lay itself along one of the lines of 
force, but as it cannot do that, the lines of force being 
circular, it does the be^t it can, as shown in Figs. 39 and 



Fio. 42. Deflection of Magnetic Needle by a Curebnt, 

42, which give different positions of a needle round the 
vertical wire. In such positions the needle is said to set 
itself as a tangent to the circular line of force. In the 
right-hand figure above, the current is supposed to be 
flowing down through the paper, while in the left-hand 
figure it is supposed to be flowing up. 

The needle cannot set itself quite at right angles to 
the wire, because, it must be remembered, there are 
two forces acting on the needle : first, the magnetism of 



ELECTROKINETICS. 


53 


the earth, tending to bring it back to its first position ; 
and secondly, the magnetism of the current, tending to 
turn it at right angles to the wire. The needle therefore 
takes up an intermediate position dependent on the rela- 
tive strengths of the earth’s and of the current’s field. 
This is supposing that the wire is stretched parallel with 
the needle’s position of rest, Le. in the magnetic meridian. 
The H- direction along the lines of force depends upon the 
direction of the current in the wire, and is indicated by 
the pointing of the N. poles of the needles shown in 
Figs. 39 and 42. 



Fig. 43. Finding Direciion of Magnetic Field round a 
Current-carrying Wire. 

Looking at the end of the wire (Fig. 42), if the current 
is flowing towards you, the direction of the lines of force 
is anti-clockwise ; if the current is flowing from you, 
their direction is clockwise.^ 

75. Right-hand Rule for finding the -f direction round the 
Magnetic Field of a Wire carrying a Current (Fig. 43). 
Place the right hand across the wire with the thumb poinU 

^ ClocJcwispf the direction in which the hands of a clock move ; 
antirclockwisey the opposite direction to that in which the hands of 
a clock move. 
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ing in the direction of the current^ then the fingers loill rfe- 
note the + direction along the wirc^s circular lines of force,^ 
76. Bight-hand Buie for finding the direction of defiection 
of a Magnetic Needle by a Current in a Wire. (Jamieson.) 
Place the right hand on the wire loith the i)ahn facing the 



Fig. 44. Finding Direction of Deflection of a Magnetic 
Needle by a Current. 

needle^ and the fingers jjolntlng in the direction of the cur^ 
rent: then the outstretched thumh to ill denote the side of the 
wire to which the N, pole of the needle will move. The wire 
must he between the needle and the hand. (Fig. 44.) 

77. Bight-hand Buie for finding the direction of the Cur- 
rent in a Wire. (Jamieson.) The rule in § 76 enables us 
to foretell the way in which the N. pole of a needle will 

^ This rule was devised by Mr. Cullingford, one of the Author’s 
students. 
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turn when influenced by a current in a wire. Tlie rule we 
shall now give is the converse of this, and is much more 
useful, as, having noted the deflection of a compass needle 
brought near the wire, Ave can tell therefrom the direction 
in which the current is flowing. 

Rule, (1) Move the tvirc {if possible) into the mag- 
netic meridian, (2) Place a frechj suspended com- 
pass needle above or 
below the wire^ and 
observe the direction in 
which the N, pole of 
the needle points, (3) 

Place the right hand 
on the IV ire with the 
palm facing the needle^ 
so that the outstretched 
thumb in the 

direction that the needle 
is pointing, then the 

fingers will denote the Diheotio.v of 

. . , . , .7 Current in a Wire. 

direction in which the 

current is flowing, The wire must be between the needli 
and the hand, (Fig. 45.) 

78. (Ersted's Stand. The apparatus devised by ffirsted, 
and shown in Fig. 46, is extremely useful for illustrating 
the magnetic action of a current upon a magnetic needle. 
It consists of two stout cop])cr or brass wires, AVj and 
AV 2 , about six inches long, fixed one aboAC the ollnn* 
(half an inch apart), into two wooden uprights. 'Jdie 
Qnds of the Avires arc provided with terminals, Tj, T 2 , 
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and T4. The needle is pivoted midway between the 
two wires. 

By means of this apparatus currents may be sent in 
either direction along the top or bottom wires ; or at the 
same time in both wires, in the same or opposite direc- 
tions ; and their effects upon the needle studied. 

79 . Experiments with the CErsted Stand, (a) Send the 
current through the top wire from Tj to T2 ; the N. pole 
of the needle will move away from the observer if he 



stands so that the apparatus faces him, as shown in 
Fig. 46 , 

(If) Reverse the direction of the current, i.e, make it 
flow from T2 to ; the N. pole of the needle will move 
towards the observer. 

(r) Send the current through the bottom wire from T3 to 
T4. The needle’s N. pole will turn towards the student. 

(d) Reverse the direction of the current, ie. make it 
pass from T4 to T^, and the direction of deflection of the 
needle will be also reversed. 

(c) Join T2 and T3 by a long wire, so placed as to 
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have as little effect of itself upon the needle as possible, 
and send a current from Tj to ; hardly any movement 
of the needle will be discernible if it is exactly half way 
between the two wires. 

{/) Send the current from T 4 to T„ again hardly any 
movement of the needle will take place. 

(//) Join Ta and T 4 by a wire, and send the current 
from Ti to or from Tj to Tj ; the movement of the 
needle will be greater than in either of the cases a, c, 
or d, ‘ * 

The student should apply the right-hand rule in each 
case before passing the current, and notice that the move- 
ment of the needle agrees with tlie rule. From these 
experiments it will be noticed that a current flowing, 
say, from right to left above the needle, will move 
it in the same way as a current flowing from left to 
right below the needle, and r/cr rersa. Again, if the 
current be made to flow at the same time in top and 
bottom wires, and in the same direction (Experiments e 
andjf), the needle will hardly move ; but if the current 
be sent from right to left in the top wire, and back again 
from left to right in the bottom wire, or vice versa: ?.c., if 
the current be made to take a complete turn round the 
needle, the movement of the needle will be much greater 
than if the current only flowed above or below it. 

80. Simple (Ersted Stand. Fig. 47 shows a simple form 
of CErsted stand, in which the wire makes one complete 
turn round the needle. The student should notice that 
the movement of the needle is reversed when the direc- 
tion of the current is changed, and apply the right-hand 
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rule to prove that a current flowing in one direction in 
the top half of the wire, has the same effect on the needle 



Fig. 47. Simple Oersted Stand. 

as a current flowing in the opposite direction, in the 

bottom half of the wire. 

81. Simple Horizontal Galvano- 
scope. A (jalvauQscope or detector 
is an instrument for detecting 
the presence, direction, and rela- 
tive strength of a current, z.e., it 
first of all shows whether a cur- 
rent is passing ; secondly, the 
direction of the current may be 
Ibund by applying the right-hand 
rule ; and thirdly, it will show 
whether one current is weaker or 
stronger than another. Pig. 48 
Fig. 48. Simple Horizontal simple horizontal gaU 

Galvanoscope. / nil xi. 

r^anoscope (so called because the 

needle swings liorizontally), which is the same in principle 

as the simple G^rsted stand, but has in addition a divided 

card, so that it may be seen how far the ueedle swings 
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round, and consequently whether one current is weaker or 
stronger than another. The divisions on the card, however, 
do not in any way give a measure of the current. In 
using such a galvanoscope, or either of the (Ersted stands, 
it is important that the wires be parallel with tlie needle 
when the latter is at rest, in the magnetic meridian. 

82. Simple Vertical Galvanoscope. This instrument. 



Fig. 49. Simple Vertical Galvanoscope. 


shown in Fig. 49, has its needle pivoted so as to swing 
in a vertical plane. The bottom half of the needle 
should be slightly heavier than the top half, so that the 
needle shall always be upright when no current is pass- 
ing. The bottom end of the needle should be itsN. pole. 
The current is led once up the wire behind the needle, 
across the toj), and down ilie front ; and the princi])le of 
the instrument is therefore exactly similar to that of tlic 
horizontal galvanoscope ; in fact, it may be looked upon 
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spiral which points N., and repulsion will take place 
between the two ; but if the S. pole of the magnet be 
used, attraction will take ])laco. This ])roves that there 
is a magnetic N. pole at that end of the solenoid. In 
the same way it may be shown that the other end of the 
solenoid is a S. ])ole. 

Thus we find that a wire spiral or solenoid, round which 
a current is passing, is practically a bar magnet as long 
as the current flows. 

86. Electro-Magnet. Take a bar of soft iron, say six 
inches long, and wind round it two or three layers of 
pretty stout covered coj)per wire. Dip either end of 
the bar into iron filings or tacks, and of course the iron 
will be found to be unmagnetised. Now pass the current 
from three or four Bichromate cells through the wire, 
and again dip the end of the bar into the filings or tacks ; 
the bar will be found to have become powerfully mag- 
netic, and if its ends be tested by means of a small 
compass, one end will be found to be N., and the other 
S. Stop the current, and all the filings or tacks will 
drop off (if the iron has been well softened by heating). 
Such a magnet as this is called an electro-magnet, be- 
cause its magnetism is due to the current of electricity 
in the coils of wire, and disaj>pears as soon as the current 
is stoj^ped (Fig. 6). If a bar of hardened steel were used 
in place of the soft iron, the magnetism imparted to it by 
the current in the coil would be permanent (§ 30). 

87. Horseshoe Electro-Magnet. Fig. 53 represents three 
forms of horseshoe electro-magnet, in which, as was 
explained in connection with permanent horseshoe mag- 
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spiral whicli points and repulsion will take place 
between the two ; but if the S. pole of the magnet be 
used, attraction will take ])lace. This ])roves that tlicre 
is a magnetic N. pole at that end of the solenoid. In 
the same way it may be shown that the other end of the 
solenoid is a S. pole. 

Thus we find that a wire sj>iral or solenoid, round which 
a current is ])assing, is practically a bar magnet as long 
as the current flows. 

86. Electro-Magnet. Take a bar of soft iron, say six 
inches long, and wind round it two or three layers of 
pretty stout covered copper wire. Dip cither end of 
the bar into iron filings or tacks, and of course the iron 
will be found to be unmagnetised. Now pass the current 
from three or four Bichromate cells through the wire, 
and again dip the end of the bar into the filings or tacks ; 
the bar will be found to have become powerfully mag- 
netic, and if its ends be tested by means of a small 
compass, one end will be found to be N., and the other 
S. Stop the current, and all the filings or tacks will 
drop oflT (if the iron has been well softened by heating). 
Such a magnet as this is called an electro-magnet, be- 
cause its magnetism is due to the current of electricity 
in the coils of wire, and disap] )ears as soon as the current 
is stopped (Fig. 6). If a bar of hardened steel were used 
in place of the soft iron, the magnetism im])arted to it by 
the current in the coil would be permanent (§ 30). 

87. Horseshoe Electro-Magnet. Fig. 53 represents three 
forms of horseshoe electro-magnet, in which, as was 
explained in connection with permanent horseshoe mag- 
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nets (§ 10), the two poles are brought near together, so 
as to be able to act on the same piece of iron. Tlie piece 
of iron which an electro-magnet is used to attract is called 




64 


BLEOTBIGITY AND MAGNETISM. 


rent is circulating right-handedly, />. in a clockwise 
direction, the end facing ^ou will be a S. pole. If, on the 
contrary, the cuiTcnt is circulating Icft-handedly, the pole 
will be N. (Fig. 54.) 

89. Right-hand Buie for finding the Polarity of a Solenoid 
or of an Electro-Magnet. (Jamieson.) Place the right 
hand with the palm on the coily and the fingers pointing 
round in the direction of the current^ then the outstretched 
thumb will point towards the N. end of the solenoid or 
electro-magnet, (Fig. 55.) 



Fig. 55 . Finding Polarity of Solenoid. 


90. Theory of Electro-Magnets. In § 29, relating to the 
molecular theory of magnetism, we saw that every particle 
of iron or steel may be considered to be a little magnet, 
but in the unmagnetised state of the bar of iron or steel, 
these magnetised molecules complete their magnetic cir- 
cuits amongst themselves, and there is consequently no 
free magnetism. The effect of passing lines of force 
through the bar is to set all the little molecules in line, 
and cause the bar to exhibit free magnetism. The mole- 
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cules of hardened steel when once set in lino, remain so, 
hence steel may be permanently magnetised ; but with a 
soft iron bar, directly the lines of force are removed, the 
molecules j umble themselves up again, and the bar loses 
its magnetism. This is why an electro-magnet only ex- 
hibits magnetism while the current is passing. If a cur- 
rent be passed through a solenoid, it acts as a magnet ; 
but if an iron core is inserted, the magnetic effect is much 
increased. Why is this ? In the first case the magnetism 
is due to the lines of force of flic current alone ; in the 
second case these lines of force, passing through the soft 
iron core, polarise it and bring into evidence its own latent 
magnetism : thus we have the lines of force due to the 
polarised bar, added to the lines due to the current, hence 
the increased effect. 

91. Use of Electro-Magnets. When the student comes 
to study the practical applications of electricity, he will 
find that the electro-magnet is by far the most useful 
electrical device, as nearly every electrical instrument 
or machine dejiends for its action upon some kind or 
form of electro-magnet. 

92. Difference between Galvanoscopes and Galvanometers. 
A galvanoscope is, as was explained in § 81, an instru- 
ment which will detect a current, its direction, and show 
whether it is weaker or stronger than another current. 
A galvanometer not only does this, but shows how much 
weaker or stronger one current is than another. 

93. Astatic Galvanometer. In § 43 we explained the 
construction of astatic needles : an astatic galvanometer is 
one in which an astatic needle or needles are used. Fig. 

F 
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56 represents the princijJe of the instrument, which is 
more completely shown in Fig. 57. The coil is generally 
wound in two halves, to enable the needle to be inserted. 
The bottom needle swings within the coil, the top one 
between the toj3 of the coil and the dial. The dial is 
marked out in degrees or divisions. Fixed to the same 
axis, and parallel with the needles, is a light aluminium 
pointer or index (Fig. 56) which indicates on tlie scale 
how many degrees the needles have been deflected from 



Fig. C6. Principle of the Astatic Galvanometer. 

zero. The needles are suspended by means of a delicate 
fibre of unspun silk. With an instrument such as is 
shown in Fig. 57, so long as the deflections of the needle 
do not exceed about 15°,^ they may be taken as being 
directly proportional to the currents producing them. 

As the needles are unaffected by the Earth's mag- 
netism, it is necessary to have some controlling force to 
^ 15“ means 16 degrees. 
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bring the needles back to zero after they have been de- 
flected. This is accomplished by placing a small bar 
magnet beneath, or at the side of the base of the instru- 
ment. As the bottom needle is nearer the magnet than 



Fig. 57. Astatic Galvanometer 


the top one, they as a whole arc subject to the directive 
effect of the magnet, and the latter may be moved about 
until such a position is attained, that tlio pointer always 
comes back to zero after deflection. A magnet when 
used for this purpose is called a controlling magnet. 
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94. Chemical Effect of the Current. Electrolysis. The 
passage of electricity through certain chemical solutions 
splits them up into their constituents. This action of 
electricity is called electrolysis (electric analysis), and the 
solution which is s^dit up is called the electrolyte. The 
current is led into and out from the solution by con- 
ducting plates of carbon, platinum, lead, or other 
metal, according to the nature of the solution which is 
to be electrolysed. The plate by which the current enters 
the electrolyte is called the anode^ and the plate by 
which it leaves is called the kathode. The constituents 
into which the electrolyte is split up arc called ions : they 
are liberated from the solution at the surface of the anode 
and kathode. The ion which appears at the anode is 
called the anion^ and that which appears at the kathode, 
the kathion. The amount of chemical action effected by 
the passage of the current is exactly proportional to the 
strength of current, and the length of time it has been 
passing ; and is thus a measure of the quantity of electri- 
city which has passed through the electrolyte. An 
electrolytic cell so arranged as to measure the amount 
of electrolysis, and therefore the quantity of electricity 
which has passed through, is called a voltameter. 

95. Electrolysis of Water. Hoffmann^s Voltameter. The 
electrolysis of water is very well shown by means of the 
apparatus depicted in Fig. 58, devised by Hoffmann, and 
called a voltameter, because the amount of electrolysis, 
i.e. the amount of gas given off by the passage of 
the current, may be measured by means of the scale 
marks on the glass tubes. The instrument consists 
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of a U tube fitted with a stop-cock, sc, at each ex- 
tremity. A longer tube, with a funnel, F, at the top, is 
connected with the U tube at its middle. At the bottom of 
each leg of the U tube is ajdatinum plate, Pt, connection 
between which and the outside, is made by means of 
platinum wires passing through and sealed in the side of 
the tube. Platinum is used because it is not acted upon 
by acidulated water, the water having to be so because 
pure water would be a very bad conductor (§§ 51, 69). 
To charge the apparatus, shut Aie stop-cocks, sc, sc, and 
pour acidulated water into the bulb until the tubes and 
bulb are full, then turn each stoj)-cock gently to let out 
the compressed air at the top of the tubes. Now con- 
nect a battery of throe or four cells 
to the terminals of the instrument, 
and gas will be given ofl* at both 
the anode and the kathode. Water is 
composed of two gases, hydrogen (II.), 
and oxygen (O.), in the j)roportions of 
II^Oi, z.e., 2 vols. of hydrogen united 
with 1 vol. of oxygen. Hydrogen is 
the kathion, and will consequently 
collect in the tube containing the ka- 
thode, /.<?., the platinum plate in connec- 
tion wdth the — pole of the battery ; 
oxygen being the anion, will be given 
ofi* at the anode. After the electrolysis 
has been going on for a few minutes, Fig. 68. Hoffmann’s 
it will be noticed that about twice as Voltameter. 
much II. as O. has been given off. The gases may be 
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tested as follows : the II. will burn with a pale blue 
flame if the sto])-cock be opened and a match applied. 
The O. does not burn, but will rcignite a flowing match 
if one be held over the stop-cock, for O. is a good sup- 
porter of combustion. 

96. Electrolysis of Copper Sulphate. — Take a gallipot 
filled with a saturated solution of sulphate of copper, such 
as is used in the Daiiiell cell. Cut two strips of sheet 
lead about 4 inches long and 1^ inches wide, and clean 
the surface well with enfery paper. Fix a bindscrew to 
one end of each ])iece, and bend them into a p shape, so 
that they may be conveniently hung over the edge of the 
gallipot, facing each other, but not touching. 

Experiment. Use a battery of two cells, connect the 
poles of the battery with the strips of lead, and pass a 
current through the solution for about ten minutes. Now 
take out the jdates and examine them : the jdate in con- 
nection with the — 2 )ole of the battery, /.<?,, the kathode, 
Avill be found to have received a bright red dci)osit of 
pure copper ; while the other jdate will have become 
dirty and discoloured, due to oxidation. The ])assage of 
the electricity splits up the sulphate of co 2 )per (SO^Cu.) 
into SO 4 and Cu. ; the Cu. is deposited on the kathode, 
and the SO 4 is liberated at the anode, which in this case 
it attacks and oxidises, forming as well a small quantity 
of lead sulidiate (Pb.S 04 ). If arrangements be made for 
accurately weighing the amount of co]>per dej^osited from 
the solution, the instrument becomes a voltameter. 

97. Electroplating and Electrotyping. The jn’occsses of 
electroplating and electroty 2 )ing dci)end u 2 )on the libera- 
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tion of metals from solutions of tlicir compounds, by 
electrolysis. In electroplating^ tlie object, sucli as a 
spoon, fork, cup, dish, etc., generally of cheap metal, is 
coated with gold, silver, cobalt, or nickel. 

The article to be plated is hung in a hath contain- 
ing a solution of the metal to be plated. The article, ol* 
course, forms the kathode, being connected with the 
— j^ole of the battery. The anode is generally a plate of 
the same metal as is being plated, and dissolves into the 
solution as fast as metal is deposited upon the kathode, 
thus keeping up its strength. 

In elect rotypingy a copy of an object is obtained with- 
out injuring or altering the obji'Ct itself. This is 
effected by properly preparing the surface of the object, 
and then depositing a coating of m(‘tal (generally copper), 
which may afterwards be removed. Or casts of the 
object arc taken in plaster of paris, gutta-])crcha, sulphur, 
etc., the surface of the cast being then rendered conduct- 
ing by brushing it over with gold size, or finely i)owdercd 
plumbago, and the metal deposited upon that. 

A coi)y of an object obtained in this manner is called 
an electrotype, 

97a, Induction of Currents. Electromagnetic Induction. 
If a wire forming part of a closed circuit be moved 
through a magnetic field, at right angles to the lines of 
force, a momentary induced enrrent will flow through the 
wire. If the wire be moved back again, another 
momentary current Avill be induced in it, in the oj)])osite 
direction to the first current. Thus, in Fig. 59, a b is a 
wire connected up with a very sensitive galvanoscope or 
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galvanometer, g. An astatic galvanometer, wound with 
a great length of fine wire, will do very well. N is the 
pole of a strong magnet, g must be as far away from 
11 as possible, well out of reach of its direct influence. 
Experiment, Hold the wire a h above the magnet as 



Fig. 59. Induction of Cuuiiknts. 


sliown. Pass it down quickly in front of the magnet’s 
pole, and the galvanoscope will immediately indicate the 
j)assage of a momentary current. Bring the wire quickly 
up again to its first j)Osition, and another momentary 
current will flow through the galvanoscope, in the oppo- 
site direction to the first current. If the motion of th^ 
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wire a b up and down in front of the pole of tlie magnet 
were kept up, momentary currents, first one way and 
then the other, (or what electricians would call an alter- 
nate current)^ would be continuously induced in the wire. 
The stronger the magnetic field, ie. the greater the 
number of lines of force, and the quicker the motion, 
the greater will be the strength of the induced currents. 
An elementary way of accounting for this induction of 
currents is as follows. We know (§71) that whenever a 
current flows along a wire a magnetic field is set u]) round 



Fig. go. Armature Coil in Magnetic Field. 


the wire. It might therefore be exj)ccted, and we have 
seen that such is actually thccase,that if a magnetic field is 
brought near a wire, currents will be induced in the latter. 

dlh. Simple Dynamo. The dynamo (§ G7r/) de])cnds for 
its action upon electromagnetic induction, but in a sim])lc 
dynamo the wire is wound into a coil, and revolved in the 
magnetic field between the polos of a horseshoe magnet, 
generally an electro-magnet. 

Fig. 60 rejiresents a single coil of wire in the mag- 
netic field between the poles n and s of a magnet. 
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If the coil be ra 2 )idly spun round, currents will be in- 
duced in it, first in one direction and then in the other, 
as long as the motion is ke])t up, provided the ends 
of the coil are joined by a wire, or provided the coil 
forms part of a complete circuit. When a current flows 
round a coil, such as a solenoid, lines of force are set up, 
which pass right through the coil ; and the direction of 
the lines depends on the direction of the current in the 



Fig. G1. Armature, Commutator, and Lrushls. 

coil (§ 84). Therefore it follows that if we take a coil 
and poke lines of force through it, a current will be set 
up in the coil : if the lines of force are taken out and 
poked through tlie other way, another current is set up, in 
the opposite direction to the first current. This is exactly 
what happens with the coil in the figure : as it turns round, 
the linos of force pass through it first in one direction 
and then in the other, and consequently, alternate cur- 
rents are set up. 
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Fig. 61 shows how the currents in the coil or armature 
are made continuous in direction before they go into the 
outer circuit. The ends of the coil, which may have a 
number of turns, are connected each to a piece of split 
tube, mounted on an insulating boss fitted on the spindle. 
These constitute the commutator. As the coil goes round, 
the pieces of split tube {commutator bcrpuenU) revolve 
between two brushes made of copper strip or wire. These 
brushes are in connection with the outside circuit. As 
the currents in the armature change in direction, the con- 
nection of tlie armature A\ith the external circuit is 
reversed, by means of tlic commutator and brushes, con- 
sequently the induced currents flow through the external 
circuit always in the same direction. 

Most small dynamos con- 
sist of three i)arts : {a) The 
afield marpict, which furnishes 
the lines of force ; {h) the 
armature, generally consist- 
ing of several coils of A^ire 
mounted together ; and (r) 
the commutator and hi ushes. 

97c. Dynamo. Fig. 62 
represents a form of dynamo. 

The field magnet has only 
one coil, which is placed in 
the centre of the ( -slin])ed 
piece of iron. The armature is of a dilfcrcnt kind to 
the one described in the preceding paragraph. It is 
called a rlug armature, because its coils aie wound around 
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a ring made of soft iron plates or wire. The armature 
is mounted on a wooden hub, which in turn is fixed to 
the sj^indle of the machine. This sjnndle also carries the 
commutator. There are twenty-one coils of wire on the 
armature, and a corresponding number of commutator 
segments. The current, as it is collected from the com- 
mutator by the brushes, is led partly round the field 
magnet and partly through the external circuit. Thus, 
it will be seen, the machine excites its own field magnet. 
The spindle which carries the commutator and armature 
has at its further end a pulley, which enables the dynamo 
to be driven by an engine and belt. 

97(L Motor. If a dynamo, instead of being driven 
by an engine, and used to give a current, has a current 
from a separate source (as from another dynamo, or from 
a battery) passed through it, its armature will revolve, 
and the dynamo becomes a kind of electric engine, 
capable of driving machinery. A dynamo when used 
in this manner, is called an eleclro-inoior, or simply a 
motor. 
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QUESTIONS. 

Part II. — Electrokinetics, or Electricity in 
Motion. 

In answering these questions, gire sketches tvherever 
possible. 

1. Say wliat you know about tlic theory of electricity. 

2. What do you mean when you say that a body is 
in a state of negative electrification ? 

3. What is the meaning of the tQxm 'potential ? 

4. Compare the meaning of the term j)ot€7itial in elec- 
tricity, with that of the terms height and depth in ordi- 
nary usage. 

5. Distinguish between a conductor and an insulator. 

6. Arrange the following substances in their order of 
conductivity : glass, oil, brass, cotton, coke, india-rubber, 
wood, sulphur, water. 

7. What occurs if pieces of different metals are placed 
in contact ? 

8. If two bodies are at different potentials, what is the 
result of connecting them together by means of a con- 
ductor ? 

9. What is a cell ? 

10. Explain fully the construction and action of the 
simple cell. 

11. Define: exciting fluid, polarisation, — clement of 
a cell, — pole of a cell, local action. 
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12. Give a full explanation of the cause of local action. 

13. Say what you know about amalgamation, depo- 
larising fluid, single and two-fluid cells. 

14. Sketch and describe by an index of parts the 
Daniell and Fuller cells. 

15. Rule six columns, headed respectively, name of 
cell, 4- element, — element, e.rcliing fluid, depolarising 
fluid or dejwlariser, E,M.F,, and fill up particulars of all 
the cells you know. 

16. What is the difference between cells arranged in 
series, and cells arranged in parallel? 

17. Sketch: four cells in series; three cells in simple 
parallel ; ten cells arranged in two parallel rows of five 
in series. 

18. Deflne: E.M.F., circuit, current, porous pot, re- 
sistance. 

19. What arc the divisions of a circuit? 

20. Enumerate the chief properties of an electric 
current. 

21. If I take a yard of german silver wire, and a yard 
of copper wire of exactly the same size, and send the 
same strength of current through each, why is it that the 
german silver wire becomes so much hotter than the 
copper wire ? 

22. What do you know about incandescent lamps ? 

23. A wire carrying a strong current when dipped into 
iron filings, attracts them. Why is this ? 

24. Give a sketch of the magnetic field due to a cur- 
rent in a straight conductor. 

25. If a wire dipped into iron filings fails to pick any 
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up, is it a proof that there is no eleclricity flowing through 
the wire ? 

26. In how many ways could you detect tlie passage 
of a strong current through a wire ? 

27. Supposing a wire stretched from the floor to pass 
through the ceiling of a room : if you looked up at the 
ceiling, what would be the + direction around the mag- 
netic field, if a current were flowing from floor to 
ceiling ? 

28. Give a sketch illustrathig the forces which act 
upon a magnetic needle due (n) to the magnetism of the 
Earth ; and (b) to a current passing by the needle from 
S. to N. 

29. Give a sketch illustrating how, by means of your 
right hand, you can ascertain the + direction along the 
field, when you know which way a current is flowing in 
a wire. 

30. A wire running across a room, and out through the 
two walls, carries a current. Exj)lain with sketches how, 
with the help of a pocket compass, you could ascertain 
the direction of the current in the wire. 

31. If a wire were stretched under a magnetic needle, 
and a current were sent along the wire, how could you 
tell beforehand to which side the S. pole of the needle 
would turn ? 

32. Explain in as few words as possible the use of 
OErsted stands, and give a sketch of each kind. 

33. What conclusions do you arrive at after you have 
performed all the experiments, a to y, mentioned in 
§ 79? 
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34. Define : galvaiioscope, galvanometer, detector, 
solenoid. 

35. If a simple Gllrsted stand be so placed that the 
wire lies E. and W., would it in any case be possible to 
get a current to move the needle ? 

36. Give a side view of a simple vertical galvanoscope, 
showing clearly the course of the current round the 
needle. 

37. Does it strike you that there is any difficulty 
about the fixing of the needles of the simple galvano- 
scopes shown in Figs. 48 and 49 ? 

38. Is it absolutely necessary that the wire used in 
the construction of the horizontal galvanoscope, shown 
in Fig. 50, should be insulated ? If so, why ? If not, 
why not ? 

39. Draw a bar magnet, and a current-carrying sole- 
noid, side by side, with the magnetic field due to each. 

40. Sketch and describe fully, by an index of parts 
and otherwise, the construction of the apparatus shown 
in Fig. 52. 

41. What is the difference between an electro-magnet 
and a permanent magnet ? 

42. Given a bar of soft steel with one end marked, a 
solenoid, and a battery : how would you permanently 
magnetise the steel bar so that the marked end should 
be a N. pole ? 

43. Given bars of annealed iron, unsoftened iron, har- 
dened steel, and soft steel, a solenoid, and a battery : if 
each bar in turn were placed in the solenoid for five 
minutes or so, while the current was on : ” what should 
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you expect would be the result of afterwards dipping each 
bar into iron filings ? Give full reasons for your answer. 

44. If a bar of hardened steel were ])laced in a current- 
carrying solenoid, and allowed to remain for five minutes ; 
and were then taken out and placed in the other way for 
two minutes : what should you expect to be the magnetic 
condition of the bar, and why ? 

45. Define : electro-magnet, armature, electrolysis, 
electrolyte. 

V 45a. How could you ascertair? the ])olarity of a solenoid 
or of an electro-magnet, knowing the direction of the 
current in the wire ? 

46. Explain fully why, without altering the strength 
of current in a coil of wire, the insertion of a bar of 
soft iron should so greatly increase the magnetic cfiect. 

47. Ex^ilain the construction and action of the astatic 
galvanometer. 

48. If in such an instrument a ])air of needles were 
used, having their like poles adjacent, would a current in 
the coils deflect the pair? If so, to what extent? It 
not, why not ? 

49. What is tlie chemical effect of the current ? 

50. Defne: electrolysis, electrolyte, electrolytic cell, 
anion, kathode. 

51. Two plates, one of copper, the other of wood, are 
placed o])posite each other in a solution of sulphate of 
copper, and connected with the poles of a battery. Say 
what will occur, and why ? 

52. What is meant when it is said that a chemical 
solution is electrolysed ? 

G 
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53. Define : ion, voltameter, bath, electrotype. 

54. Sketch and describe Hoffmann’s voltameter, and 
say why it is so called. 

55. Explain what takes place when electricity is passed 
through (a) acidulated water ; (b) pure water. 

56. If you had two tubes filled respectively with H. 
and O., how you would ascertain which was which ? 

57. Sketch and describe the apparatus used in the 
electrolysis of copper suljdiate. 

58. Explain the action which takes place when elec- 
tricity is passed through copj)er sulphate. 

56. What is the difference between electroplating and 
electrotyping ? 

60. How would you gold-plate a silver vase? 

61. How would you obtain an electrotype copy of a 
medal ? 

62. Describe a simple experiment illustrating the in- 
duction of currents in a straight wire. 

63. Upon wdiat does the induction of currents in a 
straight wire depend ? 

64. Upon what does the induction of currents in a coil 
depend ? 

65. Define: electromagnetic induction, induced cur- 
rent, alt(‘i*nate current. 

66. Describe fully the principle of the simple dynamo. 

67. Define in your own words: field magnet, arma- 
ture, and commutator. 

68. How is the field magnet of a dynamo excited or 
magnetised ? 
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69. Explain the difference between a ring armature 
and a simple armature. 

70. Distinguish between a dynamo and a motor. 

71. If an engine were some miles away from certain 
machinery, how could you carry the power of the engine 
to the machines by means of two dynamos, and a requisite 
length of wire ? Give a sketch. 

I/f aiisiocrh}fj these fj/fesiio?t.^, (jlee sketches wherever 
possible. 
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ELECTKOSTATICS, OK ELECTRICITY AT REST. 

N.B, — Before eommeneimf thin Bart^ the siudcnf should 
read tajaln §§ 44 to 51 {iuelusive). 

98. Derivation of the ‘word ELECTRICITY. The first 

recorded electrical exjierimcnt was that of a Greek 
philosojilier, Thales ; wlio, GOO found that amber 

when rubbed with woollen materials, acquired the elec- 
trical property of attracting light bodies. The Greek 
for amber is >j>£XTfov (clektron), and from this the word 
electric iiy is derived. 

99. Electrification by Friction. If a stick of sealing- 
wax be rubbed briskly upon the coat sleeve, and then 
held over some small pieces of tissue paper, the pieces of 
paper will jump up to the sealing-wax when the latter 
approaches them. The rubbing of the sealing-wax has 
caused it to assume an electrified condition, in conse- 
quence of which it is enabled to attract light bodies to 
itself. 

Electrification is developed when any two unlike sur- 
faces are rubbed together, but the degree of electrifica- 
tion produced depends upon the substances used (§ 122). 

100. Electrification of Glass. Take a clean, dry, warm 
glass rod or tube about two feet long, hold it by one end 
only, and rub the other end briskly with a piece of 
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warmed &ilk. Hold the rod over small pieces of paper, 
sawdust, fealhcrs, etc , spread out on a tea-tray. The 
pieces of paper, etc., will dance up and down between 
the electrified glass rod and the tray. This new pro- 
perty of attraction, acquired by the glass rod, is entirely 
due to its being rubbed witli the silk. If the surface of 
the silk rubber be smeared with electric amalgam,” as 



Fig. 03. Attiiaction of Light BoniiiS by an Excited Glass 

Bod. 

it is called,^ the electrification dcvclo})ed on the glass rod 
will be all the greater. Tlie rod should bo held at its 
extremity, not as shoAvn in the figure, or the moisture of 
the hand will carry the electricity away. 

^ “Electric amalgam” is made as follows : Melt 1 oz. of tin in a 
plumber’s ladle, add gradually 1 oz. of zinc, and afterwards 2 oz. 
of mercury. The contents of the ladle should bo continually stirred 
with a piece of iron wire. When cool, put up in a glass-stoppered 
bottle. When any of the amalgam is required for use, put a sufii- 
cient quantity on a board, and mix with dried lard by means of 
a spatula or flexible knife. Then apidy to the surface of the silk 
rubber. 
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101. Electrification of Sealing-Wax and Ebonite. If the 
above experiment be n^peated witli rods of dry warm 
sealing-wax and ebonite, rubbed 
with flannel or fur, the same results 
will be obtained. 

102. Other Experiments on the At- 
traction of Light Bodies. Instead of 
the pieces of paper, etc., the above 
experiments on electrical attraction 
may be better shown by using a 
blown egg-shell laid on tlie table, 
a suspended pith ball (Fig. 04), or 
a suspended wooden lath (Fig. 65). 
102o^. The Attraction between an 
Electrified and a Non-Electrified Body is Mutual. Sus])end 



Fia. G5. Suspended Wooden Lath. 


in the wire stirrup (Fig. 05) * an excited glass or ebonite 

1 If the stirrup be hung on a single thread, the weight of the 
suspended rod will cause the thread to untwist, and the rod to 
spin round. The method of suspension sliown above is called 
hifila/i' snsjicnsJon. 


f\ 


1 



Fig. 04. Suspended 
Pith Paul. 
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rod ; present an unelectrlfied body, the clenched hand, for 
instance, and the excited rod will be attracted. This 
proves that an electrified body not only attracts, but is 
attracted by a non-electrified body. 

103. Electrification of Brown Paper. Take a well-warmed 
drawing board, a sheet of hot brown pajior, and a well- 
dried clothes brush. Lay the paper on the board, and 
rub it briskly to and fro with the brush. If the paper 
be then presented with its rubbed side towards the light 
bodies on the tray (§ 100), or the suspended pith ball, or 
the suspended wooden lath: electrical attraction wid 
take ])lace, proving that the surface of the paper ha ^ 
been electrified. If the brown ])aper be ])resented to the 
wall of the room, it will cling to it so long as it retains 
its charge. 

104. Apparatus must be perfectly dry and warm, and free 
from dust. The electrification developed by friction is at a 
very much greater potential or pressure than the electrifi- 
cation due to a battery, and for this reason, the slightest 
moisture on the surface of othcr\\ise insulating bodies, 
Benders them coini)arativeh good conductors : conse* 
quently, these experiments 111 not succeed unless every 
care be taken to drive away moisture, by ha\ing the ai)pa- 
ratus perfectly dry and ^^arm (§ 50). Everything should 
as well be quite clean and free from dust, for dirt and 
dust are almost as good conductors of high pressure 
electricity as moisture. 

105. Electrical Repulsion. I'ake a clean, dry, warm 
glass rod, rub one end of it with the amalgamated silk, 
and suspend it, without touching the rubbed end, in a 
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wire stirrup hun^ at tlie end of a silk thread (Fig. 65). 
Now rub a similar glass rod, and bring its rubbed end 
near to the rubbed end of the suspended glass rod. 
liepulsion will take place between the two, the suspended 
glass rod turning away from the one which you hold in 
your hand. In the same manner it may be shown that 
similarly rubbed rods of ebonite, sealing-wax, resin, or 
sulphur will repel each other when rubbed with a piece 
of dry flannel or fur. 

106. An Insulated Unelectrified Body is first Attracted 
and then Repelled by an Electrified Body. Suspend a pith 



Fig. go. Attraction and i^kpudsion 
OF A Pitu-Ball.^ 


ball, empty egg-shell, 
or other light body by 
means of six or eight 
inches of dry silk thread. 
Present an excited glass 
tube or stick of ebonite. 
The pith ball will first 
be attracted, touch the 
excited rod, and then 
rej)elled. The electri- 
fied body gives some of 
its charge to the ball 
when the latter touches 


it, and then rei)ulsion takes place, because, as we shall 
see further on, hodias char(fed aUhe repel one another. 

If the silk thread be dam]), or if cotton be used, the 
suspended body will be uninsulated, and when attracted 


^ The excited rod should be held by its extremity, not as shown 
in the figure. 
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to the excited rod will stick to it, the charge on the rod 
leaking away through the conducting thread to eartli 
(§ 118 ). 

So far we have learnt : — 

(1) That an electrified body attracts and is attracted 
by non- electrified bodies. 

(2) That the same substances when rubbed with the 
same rubbers repel each other. 

(3) That bodies electrified alike rc])el one anotlicr. 

107. Attraction between Electrified Bodies. In the pre- 
ceding paragraph we saw that a glass rod rubbed with 
amalgamated silk, rcj)elled another glass rod which had 
likewise been rubbed with amalgamated silk ; and also 
that an ebonite rod rubbed with flannel or fur, repelled 
another ebonite rod similarly excited. 

Experiment {a). Suspend in the stirrup (Fig. 65) an un- 
electrified rod of ebonite, sealing-wax, sul})hur, or slicllac ; 
excite the glass rod, bring it near, and attraction will take 
place, as we should expect, between tlie electrified and 
the unelectrified body. 

Experiment (/>). Hub the ebonite or seal ing-wax rod, and 
suspend it in the stirrup ; excite the glass rod, bring it near 
to the rubbed end of the ebonite rod, and alfracUon will 
take place between them ; but in this case, the attraction 
will be much stronger than wdicn the ebonite rod was un- 
electrified. 

108. + (Positive) and — (Negative) Electrification. In 
§§ 46 and 47 we spoke of there being two kinds or states 
of electrification, and it lias just been shown experi- 
mentally that such is the case ; for we found that the 
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electrification of glass when rubbed with silk, is dififerent 
from the electrification of ebonite, sealing-wax, sulphur, 
or resin, rubbed with flannel or fur. As a matter of fact, 
the glass is said to be in a state of + electrification when 
rubbed with silk, and the ebonite, etc., in a state of — 
electrification when rubbed with flannel or fur. 

109. Charge. An electrified body is said to have had 
a charge of electricity imparted to it. A body in a state 
of -f electrification is said to be H-ly^ charged, or to have 
a charge of + electricity? Similarly, a body in a state 
of — electrification is said to be — ly charged, or to have 
a charge of — electricity. 

Wherever possible, the student should use the terms 
4- and — electrification, in preference to the terms -f 
and — electricity, or he will be apt to fall into the 
erroneous idea that there are two kinds of electricity. 
It is convenient to think of but one kind of electricity — 
an indefinable something — which may exist in a body in 
a state of surplus (+ electrification), or deficit (— elec- 
trification) (§ 46). 

110. First Law of Electrostatics. It has been shown 
that two +ly charged bodies repel each other, and like- 
wise two — ly charged bodies ; but that a 4-ly and a — ly 
charged body attract each other. From these facts is 
derived the first law of electrostatics : Like charges repels 
unlike charges attract, 

111. Attraction does not always prove that two Bodies 
have unlike Charges. A body -fly charged will attract a 
sus])ended —ly charged body, and a — ly charged body 

1 +ly = positively, ~ly = negatively. See footnote, p. 33. 
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will attract a suspended 4-Iy charged body. If attrac- 
tion takes place between a body held in the hand and a 
suspended body, it is perfectly certain that one or the 
other are electrified, but it is not certain that both are 
electrified. The body held in the hand might be charged 
and the suspended body have no clinrge at all ; or the 
suspended body might be charged, and the body held in 
the hand uncharged ; and yet attrac- 
tion would take ]dace in either case. 

112. The Gold-Leaf Electroscope. Just 
as a galvanoscope enables a current 
of electricity and its direction to bo 
detected, so an electroscope is an in- 
strument for detecting the presence of 
an electrical charge on a body, and if 
the charge is -f or —. An electro-^ 
meter is a more delicate apparatus, 
wliich, in addition, measures the actual 
charge or amount of electricity on a 
body. The gold-leaf electroscoi^e is 
so called, because its essential part is 
a pair of gold leaves hung side by 
side. These repel each other and 
open out when a charge is imparted to them, because 
any two bodies similarly charged repel each other. Its 
construction Avill be clear from Fig. 67, which re])re- 
sents the simplest form of the instrument. 

A glass flask or jar is thoroughly cleansed and dried, 
and furnished witli a w^ell-fitting stoi)per of cork, india- 
rubber, or Avood. Through the stopj)er passes a brass rod 



Fig. G7. Gold-Leaf 
Electroscope. 
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carrying at tlie top a metal disc or plate, and at its lower 
extremity a pair of gold leaves. 

113. Uses of the Gold-Leaf Electroscope. The gold-leaf 
electroscope may be used to : — 

(1) Detect if a body is charged or not. 

(2) Show if a charge is + or . 

(3) Show if a substance is a conductor or an insulator. 

1 14. Proof Planes. A proof plane is a kind of electrical 
spoon, whereby part of the charge on a ])ody may be taken 
from it and removed, say, to an electroscope, for examina- 
tion. It consists of a conductor fixed at the end of an insu- 
lating handle of ebonite or varnished glass, and is used by 
touching tlie charged body with the conducting part of the 
proof plane, which, while in contact, becomes virtually 
part of the charged body itself, and so accpiires a portion of 
its charge, Avhich may then be removed. Fig. 68 shows 

various forms. In using a proof 
plane care must be taken to see 
that the insulating handle is 
])erfectly clean and dry, and to 
take hold of it only by its ex- 
tremity. 

115. To find by means of the 
Gold-Leaf Electroscope if a Body 

Fio. C8. rnooF Planes. or no. Jirin- the 

body up to the plate of the 
electroscope ; if it be charged, the leaves of the electro- 
scope will diverge or open out, and will diverge more and 
more as the bod}" gets nearer. Or the body may be tested 
by touching it for an instant with a proof plane. If it be 
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charfi^ed, it will impart some of its charge to the proof plane, 
as Avould be shown by the divergence of the leaves of the 
electroscope wlien the proof plane an as brought up to it. 

116. To charge an Electroscope H-ly or ~ly. An electro- 
scope may be charged positively or negatively, by bring- 
ing into contact N\ith its plair, a -fly or —ly charged 
body, when some of the charge of the body will be im- 
parted to the electroscoj>e. Or part of the charge on the 
body may l)e given to the electrosco})c by means of 
a proof jdane. These method^ are bad ones however, for 
the sudden charge received by the electroscope may 
cause the gold leaves to diverge so violently, as to fly off 
from their support. 

The proper way to charge an electroscojAC is by elect ro-- 
static induct km or ivjlucnce^ the manner of which will be 
now described ; but an explanation must be deferred until 
the student has learnt something of influence. (§ 123.) 

'To charge an electroscope -f ///, bg injiuence. Bring over 
the plate of the electroscope a — ly charged body, such as 
an ebonite rod rubbed Avith flannel : the leaves will 
diverge more and more as the charged rod approaches. 
When the leaves are opened out to a sufficient extent, 
hold the ebonite rod perfectly steady over the electroscope, 
and touch the j)late Avith the forefinger of the other hand. 
The leaves will converge or come together. Itemove 
your finger from the plate, and then take away the 
charged rod, and the leaATS will diverge or open out with 
a + charge. 

To charge an electroscope — Zy, by injiuence. Proceed 
exactly as explained above, but use a + ly charged body, 
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such as a silk-rubbcd glass rod, instead of a —ly charged 
one. 

The student will notice that in charging an electroscope 
by influence, if a + charge is wanted in the instrument, a 
— ly charged body is used ; if a — charge is required, a 
H-ly charged body is used (§ 126). 

117. To ascertain by means of Electroscopes if the Charge 
on a Body is -f or Have two electroscopes on the 
table before you, one +]y and tlie other — ly charged. 



Fig. 69. Testing + and - Charges. 


Bring the body whoso charge is to bo examined near to 
the plate of, say, the +ly charged electroscope. The 
leaves will either converge or diverge. Similarly, if the 
charged body be brought near the plate of the — ly 
charged electroscope, the leaves will either converge or 
diverge. 

[a) If the leaves of the — ly charged electroscope 
converge, while those of the +ly charged electroscope 
diverge, the charge on the body is + . Shown at and 

in Fig. 69. {b) If the leaves of the —ly charged 
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electroscope diverge, while those of the +ly charged 
electroscoj^e converge, the charge on the body is — . 
Shown at a* and (c) If the leaves of both electro- 
scopes converge, the body is uncharged. 

In the first instance («), when a -fly charged body 
approaches a -f ly charged electroscope, by reason of the 
first law of electrostatics (§ 110), that portion of the 
electroscope’s charge which is in the plate is repelled 
into the leaves, which therefore diverge to a greater ex- 
tent. When a -fly charged J^ody approaches a —ly 
charged electroscope, more of the — charge is attracted 
into the jolatc than was there before, leaving less in 
the leaves, which consequently converge. The same 
arguments — vice versa — apply with a —ly charged body. 
When an uncharged body is brought near, the leaves 
of the electroscope converge, whether it be +ly or — ly 
charged, because the capacity of the i)late is increased, 
and it consequently takes up more of the cliarge than 
before, leaving less in the leaves (§ 134). 

117a. To ascertain if the Charge in an Electroscope is + 
or — . If the kind of charge in an electroscope is un- 
known ; to ascertain what its charge is, it is only neces- 
sary to bring near to it a known -fly or — ly charged 
body. If the leaves of the electroscope diverge in the 
presence of a -fly charged body, and converge in the 
presence of a — ly charged one, the electroscope is -fly 
charged. If, on the contrary, its leaves converge when 
a -fly charged body is brought near, and diverge when 
a — ly charged body is ju’esent, its charge is — . This 
will be clear from the experiments in the last paragraph. 
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118. How to tell if a Substance be a Conductor or an 
Insulator of High Pressure Electricity. Charge an electro- 
scope by influence, eitlicr +ly or —ly. 

(«) Take, say, 18 inches of string, tic a small weight, 
such as a metal button, to one end, and hold the other end 
in the hand. Let the string hang down at full length, 
hold it over tlic electroscope, and allow the button to come 
into contact with the plate : the charge on the electro- 
scope will gradually leak away to earth through the string 
and your body, proving that string in this case is neither 
a very good insulator or a very good conductor. 

{b) Charge the electroscope again, pass the wet fingers 
along the string from end to end, and proceed as before. 
When the end of the string touclics the electroscope, the 
charge will be lost almost immediately, proving that the 
act of rendering the surface of the string damp makes it 
a better conductor than it w as before. 

(c) If a piece of cotton be used, the charge will slowly 
leak through it. 

(d) If a piece of silk thread or twist be used, it will be 
found that little or no effect is produced on the electro- 
scope, proving that silk is a good insulator of high pres- 
sure electricity. 

(c) If the cotton or silk be damped from end to end, the 
electroscope will discharge itself through them almost 
immediately, as was the case with the damp string. 

Solid substances, such as sticks of wood, metal, sealing- 
wax, ebonite, glass, or strips of cloth, paper, cardboard, 
etc., may be tested by holding one end in the hand, and 
touching the plate of the electroscope with the other. 
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The fods of sealing-wax, ebonite, or glass, if perfectly 
clean and dry, will be found to be vcr^ good insulators : 
but if their surfaces be in the least degree damp, (as is 
very likely to be the case with the glass rod, unless it be 
warmed) they will allow the charge to slowly pass away. 
Wood, cardboard, paper, cloth, etc., though practically 
insulators of low pressure electricity, will, in the present 
case, be found to be good conductors ; the charge leaking 
away through them to earth. A rod of brass or any 
other metal will, of course, alkAv the charge to escape 
instantaneousl y . 

119. Electrification of Conductors. Hitherto, when we 


ft's 5 



Fig, 70. Brvss Tube with Insulating IIandle. 

have wished to obtain a charge of electricity, we have 
electrified by rubbing, such insulating substances as glass, 
ebonite, sealing-wax, etc. All substances how^ever, 
whether they be insulators or conductors, if rubbed with 
some other substance, will become electrified. 

(fl) Take a piece of brass tube in one hand, rub it 
briskly with flannel or with fur, and bring it near the 
plate of an electroscope. It will be impossible to detect 
the faintest sign of a charge. Why is tliis ? The simple 
reason is that the' charge, as soon as developed, runs away 
through the brass rod and the body to earth. 

{b) Slip the tube on to one end of a dry glass or ebonite 
rod, as shown in fig. 70, so as to insulate it from the body 

n 
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and earth. Again excite it and present it to the electro- 
scope : the leaves will diverge, showing the presence of a 
charge which has been unable to run nway through the 
insulating rod. 

120. To maintain a P.D. between an Earth-connected 
Conductor and the Earth, work must be done. When we 
held the brass rod in our hand in the first of the above ex- 
periments, it was Avhat electricians call earth-connected^ or, 
in other words, it was uninsulated. When the brass rod 
is rubbed, say, with fu<v, we charge it, z.^., we develop 
electrification upon its surface, and as a consequence, a 
difference of potentials is set up between it and the earth: 
but as it is connected with the earth by a conductor, this 
difference of potentials is immediately equalised, or, in 
other words, the rod is discharged. If we wished to keep 
up the difference of potentials, we must keep on rubbing, 
z.e., we must do constant work. 

121. The two Electrical States, -f and — , are developed 
simultaneously and equally. Vfhen we rub two bodies 
together, + electrification is developed on one, and — 
electrification on the other. When glass and silk are 
rubbed together, the glass becomes + ly electrified, and the 
silk rubber — ly electrified. When ebonite and fur are 
rubbed together, the ebonite becomes — ly electrified and 
the fur -f-ly electrified. Furthermore, the — charge on 
the silk is exactly equal in amount to the + charge on the 
glass ; and the + charge on the fur is likewise equal to the 
— charge on the ebonite. 

122. The Frictional Series. Following is a list of sub- 
stances so arranged, that if any two of them be rubbed 
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together, tlie one wliicli stands highest in the list will be 
-j-Iy electrified, wliilc that which stands lowest in the list 
will be — ly electrified. 

The Frictional ISeries, 

+ Furs. 

Flannel. 

Ivory. 

Paper. 

Smooth «:lass. 

Cotton. 

Silk. 

Hough glass. 

Metals. 

1 ndi a- rubber. 

Ebonite. 

Sealing-Avax. 

Resin. 

Sulphur. 

Vulcanised india-rubber. 

G utta-percha. 

Collodion.' 

— Amalgamated surfaces. 

Tlie farther apart the substances are in the list, the 
greater the P.D. develo])ed. Thus when flannel and 
smooth glass are rubbed together the flannel becomes 
-|-ly electrified, and the glass —ly electrified ; but if 
glass and silk be rubbed together, the glass is -fly, and 
the silk —ly electrified. 

When silk and glass are rubbed together they of course 
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become electrified ; but if tbe silk be amalgamated, the 
cflcct, tlieP.l). between the rubbed glass aud the silk^ 
is increased. One reason for this is that glass and amalga- 
mated surfaces are much farther apart on the above list, 
than are glass and plain silk. 

123. Electrostatic Induction or Influence. When an 

electrified body is brought near 
an unelectrified body, the por- 
tion of the latter nearest to the 
• charged body becomes electri- 
fied with a charge of opposite 
sign, thus, if a +ly charged 
hung up by a silk thread 
middle of an empty room, 

Fig. 71. Influence. ceiling, and walls of 

the room will have a — charge 
induced or influenced uj)on them. 

If a +ly charged ball a (Fig. 71) be brought near 
to an uncharged ball n, the portion of b nearest to 
A will be — -ly charged, while the farther side will be 
-fly charged. Directly the charged ball is moved, how- 
ever, the other ball resumes its former uncharged state. 
This is said to be due to electrostatic induction or /w- 
fluence. 

124. Experiments on Influence (Fig. 72). («) Provide two 
spherical conductors of brass (or of wood covered with tin- 
foil) mounted on insulating stands of varnished glass, or 
two eggs mounted on clean and warm wine glasses will do. 
Place them in contact, and bring up to them a charged 
glass rod. Hold the glass rod as shown in the figure, and 
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wliile it is there, separate the two balls from each other. 
Take away the glass rod and test the two balls by means 
of a proof plane and electroscope. That which was nearest 
the glass rod will be found to have a — charge, while the 
other will have a + charge. Had the charged glass rod 
been removed before the balls were separated, they would 
of course be found to have returned to their previous 
neutral condition. When the two balls are in contact, 
they may be considered as forming one conductor. When 
the +]y charged glass rod is brought near, in the position 



shown in the figure, it induces or influences a charge of 
opposite sign on that portion of the conductor nearest 
to it, viz., the right-hand ball ; 'while it repels a charge 
of the same sign to the left-hand ball, /.e., the part of 
the conductor farthest removed from it. 

(b) Arrange apparatus as shown in Fig. 73. A 
cylindrical conductor with rounded ends mounted on an 
insulating stand of varnished glass, is placed about four 
feet distant from an uncharged electroscope ; or at such a 
distance that when an excited glass or ebonite rod is held 
over the conductor in the position shown, no movement of 
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the gold leaves can be detected. Now connect the con- 
ductor with the electroscope by means of a wire. When 
either the excited glass or ebonite rod is held over the 
conductor, a charge of the o])posite sign Avill bo attracted 
into the c}lindrical conductor, and a charge of the same 
sign will be repelled into tlie electroscoi)e. While the 
conductor is under the inlluence of the excited rod, by 
means of an insulating stick of ebonite or glass, detach 


^ >PAr» 
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the Avire from the plate of the electroscope. It may now 
be })rovcd by testing, that the repelled charge retained 
by the electroscope is of the same sign as that on the 
charged rod. 

Thus, A\hen an excited ebonite rod is used, it Avill be 
found that the electroscope’s charge is — , for the leaves 
will diveige still further if an excited ebonite rod be 
brought near, but will converge in the presence of an 
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excited glass rod. When an excited glass rod is used, the 
electroscope’s charge will be + ; for tlic loaves will diverge 
still farther in tlie presence of an excited glass rod, but 
will converge in the presence of an excited ebonite rod. 

125. Theory of Influence. When a body is + ly charged, 
it has a surplus of electricity upon it (§§ 45 and 46), of 
which it tries to rid itself by discliarging into a neigh- 
bouring body, or the earth. It tends to discharge itself 
into the nearest body. A deficit of electricity (— electri- 
fication) is therefore occasioned^on all ])arts nearest the 
charged body, ready for the -f charge to equalise. 

If a body is — ly charged, it .has a deficit of electricity 
upon it, consequently a surplus of electricity ( -f electrifica- 
tion) collects on all parts nearest the charged body, ready 
to discharge into it and make up its deficit. (See § 136.) 

126. To charge a Gold-Leaf Electroscope by Influence. The 
student is now in a position to understand how and why 
it is that a gold-leaf electroscope may be charged by 
influence (§ 116). 

The plate, the brass rod connecting itwitli thegold leaves, 
and the gold leaves themselves, may be considered as one 
insulated conductor (Fig. 74). When a charged body 
approaches the plate of an uncharged electroscope, the 
electrical equilibrium of the latter is disturbed; but if the 
charged body be removed without touching tlie electro- 
scope, tlie latter will return to its neutral condition, KSup- 
])Osing the body to be -fly charged : it attracts — electrifi- 
cation to the jdate, i.e. tlie part nearest to itself, and repels 
-f electrification as far as possible, viz., into the gold leaves. 
The leaves consequently open out, showing the presence 
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of a charge, the charge being of the same sign as that on 
the influencing body. When the plate is connected with 
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earth by touching it with the finger, the — charge on 
the plate is not affected, as it is hound or held by the 
charge on the rod. The + charge in the gold leaves is 
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being repelled by the charge on the rod, and as it has 
now an opportunity of getting fartlier away, it docs so, 
escaping through the body to cartli, and leaving the 
leaves uncharged, consequently they converge. To all 
appearance there is now no charge in the clectroscoi)e, 
but this is not so, there is the — charge accumulated in 
the plate and bound there by the i)rescnce of the cliarged 
rod. If the rod be now removed, this — charge dis- 
tributes itself evenly over the plate, rod, and leaves of tlie 
electroscope, which latter thereupon diverge with a — 
charge. 

When a — ly charged rod is used, a similar action 
takes place, except that the bound charge is + and the 
repelled charge —, and when at last the electroscope is 
charged, it is with a + charge. 

127. An inclosed insulated charged Body influences an 
Equal and Opposite Charge. Following up Avhat was said in 
§ 124 anent influence ; if a silk-suspended charged metal 
ball bo lowered into the interior of an uncharged hollow 
conductor, such as a tin can, influence will take jdace ; 
and an equal charge of opposite sign will be induced or 
influenced on the inside and bottom of the can, while a 
charge of the same sign will be repelled to the outside, 
and to earth. If the can be placed upon an insulating 
stand, the repelled charge on the outside may be tested 
by means of an electroscope and proof plane, and will be 
found to be of the same sign as that on the ball (Fig. 75). 

128. Charge resides on the Surface. Biot’s Experiment. 
When electricity moves along in the form of a current, it 
is supposed to flow through the substance of the con- 
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ductor : but when electricity is at rest on a conductor, in 
the form of a charge, it resides only on the surface ; and 
in the case of hollow conductors, on the outer surface. 

The apparatus for Biot’s experiment is shown in Fig. 
76. It consists of a metal ball mounted on a varnished 
glass stand, and two hollow brass hemispheres, each pro- 
vided with an insulating handle of varnished glass. These 
hemispheres may be held togetlier, one each side of the 
ball, and inclose it as in a sliell. 




Fig. 75. An Influenced CiiAitGE is Equal and Opposite. 

Charge the ball from an electrical machine (§ 132), and 
make sure that it has a charge by testing it with a proof 
plane and an electroscope. Next i)resent each of the 
hemispheres to the electroscope, and they of course will 
be found to be uncharged. Now, holding the hemi- 
spheres, one in each hand, by means of their insulating 
handles,^ bring them together so as to inclose the ball ; 

^ It is hardly necessary to observe Uiat the handles should not 
be grasped as shown in the figure, but by their extremities. 
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then take them apart, and tcbt by bringing ii[) to the 
electroscope: there will be a divergence of the leaves 
in each case, showing that both are charged. Test the 
ball, and not the hiintcst sign of a charge Avill be found. 

When the hernisjdiercs are brought together so as to 
inclose the ball, they and the ball foi’in practically one 
conductor, so that tlie charge on the ball distributes iibclf 
over the new surfaci*. When the heinisjdieres arc taken 


I 


Fig. 7G. Liui’s Explrimeni. 


Fi(5. 77. Distribution 
OF Charge on a 
Hollow Conductor. 


away, they carry the charge with them, leaving the ball 
uncharged. 

129. Charge on Hollow Conductors. (Fig. 77.) (live a 
charge to an insulated hollow^ conductor, such as a tin can, 
a tea-pot, a metal bowl, etc., and test it all over by means 
of a proof j)laiie and e^cctro‘'Copc. Xo charge wdiatever 
will be found right inside, but on the outside, and espe- 
cially at the cdi;es, the ])iesence of the charge may b(* 
leaddy detected. Nevertheless, a charged hollow con- 
ductor would be discharged if touched on the inside or 
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outside. The only case in which a free charge can be kept 
on the interior of a hollow conductor, is when an earth-con- 
nected conductor is lowered into the interior of the hollow 
conductor, without touching it, of course. Under these 
circumstances, part of the charge on the hollow conductor 
goes inside and acts inductively on the ball, attracting 



unlike electrification 
into the ball, and repel- 
ling like electrification 
to earth. 

This ai)parently con- 
tradicts what is shown 
in Fig. 75 ; but there, it 
must be remembered, 
the charge inside is not 
f) 6c, but is hound by the 
presence of the charge 
on the ball. 

1 30. Distribution of 


Electricity on Conductors. 

Fig. 78. DisniiBuiioN oi Elec- Density. Tlie distribu- 

TRiciTY ON Conductors .• i p i 

tion ot a chaige oi elec- 
tricity on a conductor, depends upon its shape. If the 
conductor bo a sphere (Fig. 78), the distribution or density 
of electricity will be uniform over its entire surface, as 
indicated by the dotted lines. If it be a disc, the density 
will be greater at the edge than on the flat surfaces. In 
the figure, variously shaped conductors are shown. The 
densitjj is (jreatt%t tohac the curvature of the surface is 
greatest. Thus it is tliat the density on a charged body 
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is greater at the edges and sharp corners than anywhere 
else. Tlic student may fur the present associate the idea 
of density with tliat of thichncHs of electricity at any par- 
ticular part of the surface of a body ; but only because 
this is an easy way of expressing what is observed. 

Although the density may vary at different parts of a 
charged conductor, according to its shape ; being greatest 
at the edges and nothing in the interior, if it be hollow 
(§ 129): yet, the potential is the same at all parts of the con- 
ductory inside and out, ichatcver its sha 2 )e may he» If such 
were not the case, tlicre might be two points on the same 
conductor at different potentials, but this of course would 
be impossible (§ 48). 

131. Action of Points. If a charged body have a point 
upon its surface, it will be incapable of keeping its charge 
for any length of time, especially if it be near any earth- 
connected body, for the charge will stream off from the 
point. Or if an earth-connected point, such as a needle 
held in the hand, bo presented to a charged body, the 
body will bo gradually and silently discharged. Such 
discharge is called disrharyr hy conrcciion, or convective 
discharge. The density of electricity at the point becomes 
so great, that the neighbouring particles of dust or air 
are electrified, and consequently repelled ; flying off with 
some of the charge. 

132. Frictional and Influence Electrical Machines. An 
electrical machine is an apparatus for developing great 
difference of potential, and as a consequence, charges of 
high pressure electricity may be obtained from it. 

The so-called frictional electrical machine is seldom if 
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ever used now; but wo illustrate and describe it here, 
because a knowledge of its action is necessary to the 
student. 

p is a plate of glass mounted on a spindle, so that it 



Fig. 79. Frictional Electrical Machine. 

may be revolved by moans of the handle, in the direction 
shown by the arrow. As it revolves, it passes between 
two amalgamated leather rubbers, kk*, one on each side 
of the plate. By this means, + electrification is developed 
on the glass. After any part of the plate has passed 
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between the rubbers, it passes upwards with its + charge 
until it comes opposite to the dhchar(fin(j comhs^ d r, whicli 
are in metallic connection witli the insulated prime cojh 
duefor, P c, of the machine. This term ])rime conductor is 
an old-fashioned one, terminal would be a better word. 

When the charges on the glass plate come opposite the 
discharging combs, they effect the charging of the prime 
conductor in the following manner. 

The prime conductor, with its discharging combs, is at 
first in an uncharged conditiop. The + charges on the 
plate by influence attract — electrification to the combs, 
repelling + to the prime conductor : the density of this 
induced or influenced electrification on the points of the 
comb becomes very great, and by the action of points 
(§ 131) the — electrification streams off on to the glass 
plate, neutralising the -f- charges there, and leaving the 
prime conductor in a state of ~|- electrification. The parts 
of the glass plate, after passing the combs, return to the 
rubbers in an uncharged or neutral condition, and there- 
fore all ready to be re-excited. In order that as little as 
possible of the charge may be lost on the journey from 
the rubbers to the combs, silk flaps inclose that portion 
of the glass plate, d c, to the right of the figure, repre- 
sents a section of a discharging comb, showing the points. 

Fig. 80 represents a Wimshurst influence machine, a 
type superior to all others. Though simple in construc- 
tion, the explanation of its working, depending as it does 
upon influence (hence its name), is far too com[)licated 
for a beginner to understand : therefore we shall content 
ourselves with a simple description of its construction. 
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Two circular glass plates, as near together as possible, 
are so mounted that they revolve in opposite directions, 
when the handle of tlie machine is turned. These plates 
have on their outer faces, radial sectors of tinfoil, as seen 
in the figure. If any one sector has the slightest initial 



Fig. 80 . Wimshurst Influence Machine. 


charge, it acts inductively or influentially on all the 
sectors on the other plate as they pass by, and these 
sectors, having charges induced on them, react on the 
sectors of the first plate. By an arrangement of fine 
wire brush dischargers and collecting comhs^ the induced 
or influenced charges are " collected ” from the sec- 
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tors, and led away to the terminals of the machine. 
There are two Leyden jars ^ at the back, one of which is 
connected to each terminal, thus serving to increase their 
capacity (§ 134). 

133. Electric Discharge. If a body at a potential 
and a body at a — potential, be connected by a conductor, 
a discharge of electricity will take place from the one to 
the other, and the potential difference between them will 
be equalised. Similarly, if a +ly or a — ly charged body 
be connected with the earth, discharge will take place, 
and the body will be brought to zero potential, i.c. the 
potential of the earth (§ 47). If the P.D. be very great, 
the discharge will take jdace ‘before the two charged 
bodies, or the charged body and the earth, are quite joined 
by the connecting conductor. It will take place through 
the air, in the form of a sudden spark, accompanied by a 
report. Electric discharge across the air is not always 
accompanied by a spark and report (§ 131). 

134. The Condenser. When two flat conducting plates 
are placed opposite each other, with a sheet of insulating 
material between them, the arrangement is termed a 
condenser. A condenser may be described as an appa- 
ratus for condensing ” or “ accumulating ” a charge of 
electricity. The action of a condenser depends upon 
influence, and the attraction of unlike charges. If an 
insulated conductor be far removed from other conductors, 
for instance, hung up in the middle of an empty room ; a 
certain amount of electricity may be put into it or ab- 
stracted from it, before its potential is raised or lowered to 

^ See § 135. 

I 
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a given degree. But if that conductor be near to (but not 
touching) another conductor, especially if the latter be 
earth connected, the capaeitt/ of the first conductor is 
increased ; in other words, it will bo possible to impart to 
it, or take away from it, more electricity before its potential 
is raised or lowered to the same degree as before. 

Fig. 81 represents the simplest form of condenser. 
G. P. is a glass or ebonite plate about one foot square, 
with a sheet of tinfoil about eight inches square gummed 
on each side. The glassi i)latc fits upright in a slot cut 
in a block of wood, which serves as a stand. The tinfoil 



Fig. 81 . Simple Condenser. 


sheets are placed in the middle of each side of the glass 
plate, so that there is a strip of glass two inches wide all 
round. The glass, where not covered by tinfoil, should 
be varnished. The tinfoil sheets, marked a and b in the 
drawing, are called the coatiups of the condenser. They 
should have each a little strip of tinfoil, c c, glued on, 
so as to form a kind of catch for the end of a wire, when 
it is desired to connect the condenser with anything. 
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The insulating material which separates the coatings of a 
condenser, and wliich may be glass, ebonite, gutta-percha, 
air, or other good insulator; is, when used for this purpose, 
called the dielectric. 

135. The Leyden Jar. The Leyden jar, so called be- 

cause it was first made in the town of Leyden, is simply a 
convenient form of condenser. It consists 
generally (Fig. 82) of a wide-moiithed 
glass jar, coated inside and outside, on the 
bottom, and half way up the aides, with 
tinfoil. The remainder of the glass, inside 
and out, is coated with shellac varnish, to 
prevent the accumulation of moisture. An 
ebonite or wooden top is provided, which 
supports a brass rod, terminating at its 
upper extremity in a Ball ; and at its lower, Leyden 

in a short j)iece of chain, which serves to 

connect the rod and ball with the inner coating. 

136. Experiments with Condensers, Take a simple con- 
denser (of course a Leyden jar will do as well) (Fig. 83). 
Call one tinfoil sheet a and the other 5. Connect b to earth 
and a to the terminal of an electrical machine ; n becomes 
charged, say, +ly, and this + charge acts inductively or 
influentially across the dielectric (glass, ebonite, etc., as 
the case may be) on 5, attracting — electrification into 5, 
and repelling This influenced — charge reacts on 
the -h charge on Oy pulling it on to the inner surface of 
and so making room for more. The capacity of a being 
thus increased, it takes up more positive electrification, 
which in its turn induces or influences a still greater — 
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charge on b. And so the action goes on, tlie two charges 
hugging and binding one another, and in fact actually 
compressing the dielectric between them, though of 
course in an infinitesimal extent. 

We sheuM explain the above action by saying that a 
surplus of electricity (§ 47) is “ pum])ed ” on to a by the 
machine : while a deficit is influenced on b. 

As a becomes 4-ly electrified ; b^ the nearest conductor 



to «, gives up some of its electricity to earth, thus leaving 
itself in a state of deficit, ready to receive the overcharge 
of a, for a’s surplus is ready to discharge itself at the first 
opportunity into the nearest body, in this case, b. 

Another and better explanation is as follows ; — 

In figure 84, c c is a closed chamber of metal, divided 
into two parts, a and by a watertight elastic partition, 
of gutta-percha for instance ; a and b are connected by a 
pipe, py in which is inserted a hand-pump, p. The whole 
arrangement is filled with water. If the pump is worked, 
water is forced in the direction of the arrow, i.e. into the 
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cliiO-mbcr a ; at the same time it is extracted from 
causing the elastic diaphragm to Inilgc out, as shown by 
the dotted line. Tliere is a surplus of water in a and a 
deficit in and if the pump were suddenly taken away, 
so that a and h might bo connected by a free pipe, e 
would fly back to its former position, and the surplus of 
water in a would discharge tlirough the pipe into h. This 
is pretty much what may be supposed to occur in the 
case of the condenser: as fast as electricity is “pumped” 
by the electrical machine into electricity flows into the 
earth to make up the deficit there, and leaving a deficit 
in />, the nearest body to a. If a has a surplus (-f- 
electrification), a deficit (-“* electrification) must of 
necessity exist somewhere, and 
as a matter of fact, it will exist 
in the nearest earth-connected 
conductor to which is h, 

A Leyden jar, or condenser, 
cannot be charged unless the 
other coating is connected to 
earth. This goes to support 
what we have just remarked ; 
for instance, in the case of the 
simple condenser, if we had 
not connected coating h to earth, we could not have got 
any appreciable charge into a. 

Similarly, a condenser cannot be discharged unless 
both coatings be connected with one another, cither 
directly, or through the earth. 

Experiment. Charge a Leyden jar and stand it on an 


U 
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insulating stand. Althougli it bo liiglily charged, the 
knob may be toiiclied with impunity, for tlie surplus on 
the one coating cannot get round to the deficit on the 
other coating, as the jar is insulated. 

Final Remauks. 

The student who has done the Aiitlior the honour of 
going carefully tlirough this little work, will, it is hoped, 
be in a position 1o enter into the initiatory study of some 
of the many practical ‘apjdications of Electricity and 
Magnetism, no mention of which is made here. At the 
same time, he should remember that he has ventured 
but a very little way into the domain of pure science, 
lie will find that much more theoretical knowledge is 
necessary, to enable him to thoroughly understand any 
one of the more imi)ortant applications — Telegraphy, 
Telephony, Electric Lighting, Traction, Transmission 
of Power and Electro-metallurgy. Jn a future Second 
Booh of Klecfricitij and Mayndisni., the Author hopes to 
advance so much farther as ivill enable the Student to 
pass the second stage Examination of the Science and 
Art Department. 
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QUESTIONS. 

Part III. Electrostatus, or Electricity 
AT IIest. 

JV,B, In answerhiff these questions, (jii^e shetches wherever 
possible, 

1. What is the derivation of^the word ‘^Electricity ” ? 

2. How may electrification be developed ? 

3. How would you electrify a glass rod ? 

4. Of what is “ electric amillgam ” composed, and for 
what purpose is it used ? 

5. What other substances besides glass can be easily 
electrified by friction, and how ? 

6. Say what you know about electrical attraction. 

7. How would you electrify brown paper ? 

8. What precautions are necessary in order that ex- 
periments in electrostatics may succeed ? 

9. Describe experiments illustrating electrical re- 
pulsion. 

10. Why is it that an electrified body first attracts and 
then repels an unclectrified body ? 

11. What is the difference betwixt (r/) the attraction 
between an electrified and an unelcctrificd body ; and (/>) 
the attraction between two electrified bodies ? 

11«. Do electrified bodies always attract each other? 

12. Define: — electrification, charge, + charge, — 
charge. 
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13. What is the first law of electrostatics ? 

14. If an electrified body attracts another body, can 
you be certain that the latter is electrified ? Give reasons 
for your answer. 

15. Explain the difference between an electroscope and 
an electrometer. 

16. Describe with sketches, the construction of the 
gold-leaf electroscope. 

17. What is the difference between an electroscope 
and a galvanoscope ; and between an electrometer and a 
galvanometer ? 

18. To what uses may the gold-leaf electroscope be 
put? 

19. How would you ascertain whether a body was 
electrified or not ? 

20. What are proof planes, and how are they used ? 

21. IIow would you charge an electroscope negatively? 

22. How would you charge an electroscope positively ? 

23. In how many ways is it possible to charge an 
electroscope ? Say which you think is the best method, 
and why. 

24. You have tAvo electroscopes before you, one +ly 
and the other — ly charged. If the leaves of both con- 
verge when a body is brought near them, is this a proof 
that the body is charged ? Give reasons for your answer. 

25. Is it possible to charge an electroscope -j-ly by 
influence, by means of a -j-ly charged body ? 

26. How could you charge an electroscope — ly by 
means of a — -ly charged body ? Is there any objection to 
the method of charging you describe ? 
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27. Having two electroscopes before you, one -f-ly and 
the other — ly charged, how would you ascertain whether 
the charge on a body was + or ■—? 

28. Explain the effect of damp air in lessening the 
insulating properties of a body. 

29. Given a substance, say how you would find out 
whether it was a conductor or an insulator of high 
pressure electricity. 

30. A brass tube held in the hand becomes electrified 
if rubbed with a piece of fur ,or flannel ; how is it that 
you cannot detect its electrification by means of an elec- 
troscope ? 

31. IIow would you so arrange matters that the 
electrification of a metal tube or rod could be detected by 
means of an electroscope ? 

32. When is a body earth-connected ” ? 

33. What is meant by saying that, “ to maintain a 
potential difference hetween an earth-connected conductor 
and the earthy work must he done ” ? 

34. If a piece of ivory is rubbed with a cat’s skin, what 
would be the electrification developed on each ? 

35. How would you electrify ivory positively ? 

36. It is required to electrify two copper tubes, one 
— ly, and the other -{-Ij; what would you use to rub the 
tubes with in each case ? 

37. Say what you know about influence. 

38. Sketch and describe three experiments on in- 
fluence. 

39. Three uncharged metal balls, mounted on glass 
supports, are placed in a roAv, so that they touch one 
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another ; they are numbered 1, 2, and 3, ball No. 2 being 
in the middle. A charged ebonite rod is held within half 
an inch of ball No. 3, and while it is there the balls are 
separated from one another. If you now test each of the 
balls by means of a proof plane and electroscopes, what 
would be their electrical condition ? 

40. Give a theory regarding electrostatic induction or 
influence. 

41. Describe exactly what takes place when a gold- 
leaf electroscope is charged +ly by influence. 

42. When a charge on one body induces a charge on 
another body, what relation do the two charges bear to 
each other ? 

43. (^/) A tin can standing on the table has a charged 
metal ball lowered inside it, but without touching ; (h) the 
tin can is placed on an insulating stand, and the charged 
ball again loANcred inside. If in each case the out- 
side of the can were connected by a wire to an elec- 
troscope, what would be the effect upon the latter, and 
why ? 

44. Describe any two cxi)erimcnts to ])rove that the 
charge on a conductor resides wholly on the surface. 

45. Does a charge always reside on the surface of a 
conductor ? 

46. Defnc : capacity, density, convective discharge. 

47. Has ‘^density ” anything to do with potential ” ? 

48. Why is it not possible for two parts of a charged 
conductor to be at different potentials ? 

49. IIow can the charge on a body be taken from it 
without touching it ? 
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50. There are two kinds of electrical machine. What 
are they, and Avhy arc they so named ? 

51. Give a sketch, and a full dcscri2)tion of the con- 
struction and action of a frictional electrical machine. 

52. An insulated body is highly charged ; how would 
you discharge it (^) so as to get a spark ; (/>) silently. 

53. Define : condenser, Leyden jar, silent discharge. 

54. Sketch and describe the construct ion of a simple 
condenser. 

55. Sketch and describe tliQ construction of a Leyden 
jar. 

56. Explain the action of points. 

57. Explain the action of a condenser. 

58. Under what circumstances is it impossible to charge 
a Leyden j.ar or condenser ? 

59. Describe some ex])eriments nitli a Leyden jar. 

60. Describe an liydraulic analogue illustrative of tlie 
charge and discharge of a condenser. 




LIST OF APPARATUS. 

The apparatus marked by asterisks nuiy he omitted if desired. 

Part I.^MaJnETISM. 

1. Piece of lodestone. 

2. 1 lb. iron filings. 

3. 1 lb. small iron tacks. 

4. 3 feet steel wire, diameter. 

5. Bunsen burner, tubing, and blowjdpc. P or hardening steel wire. 

6. 6 pieces hardened steel, about 6" x 2" x J". One idecc magnetised. 

7. 6" smooth file. 

8. Copper wire stirrup (Fig. 3). 

9. 1 piece soft iron, 6" x J" x 

10. 12 yards No. 18 cop])er wire covered with india-rubber and cotton. 

11. (The coil mentioned in § 11 may be made by winding a few yards 

of the above wire on to a tube made of stiff paper or cardboard. ) 

12. 12 bichromate cells (Fig. 32). Plates about 5" x 3^" amalgamated 

zincs ; stoneware jars. (This includes cells wanted for use in 
Part II.) 

13. 3 gallons chromic acid solution (§ 64). 

14. Pair 10" bar magnets with keepers, in case. 

15. 3J" electro-magnet (Fig. 53, right hand). 

*16. 4" horseshoe compound magnet. 

17. 2 oz. strongest nitric acid. 

18. 6" test tube. 

19. Wooden clamp stand. 

20. 4" magnetic needle and stand (Fig. 9). 

21. 4" dip needle and stand (Fig. 10). 

22. 6" horseshoe permanent magnet and keeper. 
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28. Sheet of glass, 12" sfjuare, with white paper pasted on one side. 

24. Tin pepi)er-hox, for sprinkling iron filings. 

25. Glass tube, 10" x g" diameter, fitted with corks. 

26. 1 lb. steel filings. 

27. Piece soft iron, 10" x l"x i" (§ 33). 

28. Simple compass. 

*29. Mariner’s compass. 

*30. 3" astatic needles. 

Part II.— ELECTllOKJNETJCS. 

31. 2 plates of zinc and co])i)cr, 4" x2", with co])iier wires soldered to 

them. 

32. (Jlass beaker, 4" deep x 3". 

33. 2 feet glass rod, diameter. 

34. J lb. mercury. 

35. 1 lb. siiljdiiiric acid. 

*36. Uaniell cell (Eig. 30). 

*37. Bunsen cell (Fig. 31 ). 

*38. Fuller cell (Fig. 33). 

*39. Leclanchd cell (Fig. 34). 

40. 1 lb. co])i)cr sulphate. 

41. 1 lb. potash bichromate. 

42. ^ lb. sal ammoniac (ammonium chlori<le). 

43. ^ lb. black oxide of manganese (in lumi)s). 

44. I lb. crushed carbon (in lumps). 

45. Piece of paraffin wax. 

*46. 10- volt incandescent lamp, 

47. 2 feet No. 30 german silver wire. 

48. 6 yards No. 14 electric light wire (^§ 71 and 72). 

49. 2 small magnetic needles, 1" long (§74). 

50. (Ersted stand (Fig. 46), without needle. 

51. Simple Girsted stand (Fig. 47), without needle. 

*52. Simple horizontal galvanoscope (Fig. 48). This will do also for 
simple vertical galvanoscoi)e (Fig. 49). 

53. Horizontal galvanoscoj)e (Fig. 50). 

54. Susj)ended solenoid, stand, and meicury cups (Fig. 52). 

*55. Astatic galvanometer (Fig, 57). 

56. Hoffmann’s voltameter (Fig. 58). 

57. 2 jjieces sheet lead, 4" x 14" x ; 2 bindscrews for same. 
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Part III.— ELECTK08TATICS. 

58. 2 sticks of sealing-wax, 8" x diameter. 

59. 2 pieces glass tube, closed and rounded of! at one end, 24" xl" 

diameter. 

60. Piece brass tube closed at one end, 12" long. To lit above (Fig. 70). 

61. Piece of sUk. 

62. “ Electric amalgam.” 

63. 2 sticks of ebonite, 8" x V' diameter. 

64. Piece of flannel. 

65. Piece of fur. 

66. 1 dozen pith balls. 

67. Skein of silk twist. * 

68. (Stand mentioned in item 21 will do for cxi)erinients in Part 111.) 

69. 2 gold-leaf electroscopes (Fig. 67). 

70. 3 proof idanes, with ebonite handles ; various sha])cs (Fig. 68). 

71. 2 spherical conductors on insulating stands (Fig. 72). 

72. Brass ball, 1" diameter (§ 127). 

73. Insulating stand (Fig. 75). 

74. Apparatus for Biot’s experiment (Fig. 76). 

75. 10"-i)late Wimshurst inlluencc machine (Fig. 80). 

76. Simple condenser (Fig. 81). 

77. Leyden jar (Fig. 82). 




INDEX. 


N.B.—2'hrf(jKrcs refer to the numbered parat/nfjdis. 


Action of i)oints, 131. 

Alternate current, 97 <t. 

Amalgam, electric, 100. 
Amalgamation, 59. 

Anion, 94. 

Anode, 94. 

A])i)aratus, Hat of, page 125. 
Armature of magnet, 87. 

of a dynamo, 975. 

, ring, 97«. 

Artificial magnet, 0. 

Astatic galvanometer, 93. 

needles, 43. 

Attraction between electrilied 
bodies, 107. 

, electrical, 100. 

Axis, magnetic, 23. 

Bar magnet, 10. 

electro-magnet, 10, 8G. 

Bath, 97. 

Batteries, use of, 67o. 
Bichromate cell, 63. 

Bifilar suspension, 102o. 

Biot’s cx])criment, 128. 

“ Bound” charge, 126. 
Brownpaper, electrification of, 1 03. 
Brushes of a dynamo, 975. 
Bunsen cell, 62. 


Ca])acity, 134. 

Cvll, 53* 66. 

, bichromale, 63. 

, Bunsen, 62. 

— S Daniell, 61. 

, cleotrolylic, 94. 

, elements of, 56. 

, Fuller, 61. 

, Leclanche. 65. 

, plates of, 56. 

, poles of, 57. 

, simi>l(*, .53. 

, two-fill id, 60. 

(’ells, F.M.F. of, 67. 

ill series and pai'allel, 66. 

Charge, 109. 

, “bound,” 126. 

on hollow conductors, 129. 

resides on the surface, 128. 

( ’hemical ellect of the curi ent, r4. 
(’ircuit, 68. 

, magnetic, 26. 

(’oatings of a comlenser, 134 
(’ollecting combs, 132. 
Commutator of a dynamo, 975. 

segments, 975. 

Compass, 42. 

Compound magnet, 12. 
Condenser, 134. 


K 
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Condenser, action of, 136. 

, coatings of, 134. 

Conductivity, order of, 51. 
Conductor, 50. 

, distribution of electricity 

on a, 130. 

, electrification of a, 119. 

Contact develops electrification, 
52. 

Contents, table of, page vii. 
(Controlling magnet, 93. 
Convective discharge, 131. 

Cox)per sulphate, electrolysis of, 90. 
Copi)er wire, S. 

Current, 53. 

, chemical effect of, 69, 94. 

— , direction alojig magnetic 
field of, 74. 

, heating eflcct of, 09, 70. 

C/urrents, induction of, 97<'^ 

, magnetic effect of, 00, 71 , 73. 

, magnetic field of, 72. 

, properties of, 09. 

Cuttriss’ dynamo, Fig. 02. 

Daniell cell, 01. 

Declination, 38. 

Density, 130. 

Depolarihcr, 00, 05. 

Depolarising fluid, 00. 

Dielectric, 134. 

Difference between galvaiioscopcs 
and galvanometers, 92. 

of potential (P.i).), 47, 48. 

Dip, 40. 

needle, 14, 39, 40. 

Discharge, 131, 133. 

by convection, 131. 

Discharger, 132. 

Discharging combs, 132. 


Distribution of electricity on con- 
ductors, 1.30. 

Dynamo, 97i and c. 

Dynamo, armature of, 976. 

, brushes of, 976. 

, commutator of, 976. 

, Cuttriss’, 97c. 

, field magnet of, 976. 

, use of, 67f^ 97^/. 

E.M.F. (electromotive force), 67. 

of cells, 67. 

Earth, magnetic ])olarity of, 37. 

, magnetism of, 36. 

Earth -connected body, 120. 
Ebonite, electrification of, 101. 
Electric amalgam, 100. 

discharge, 131, 133. 

Electrical attraction, 100. 

machines, 132. 

rejmlsion, 105. 

Elcctiicity, 44. 

, derivation of the word, 98. 

, distribution of, on conduc- 
tors, 130. 

, “ flow ” of, 48. 

, theoiy of, 45. 

Electrification, 46, 99, 108. 

by friction, 99. 

of brown i)aper, 103. 

of glass, 100. 

of sealing-wax and ebonite, 

101 . 

Electrified bodies, attraction be- 
tween, 107. 

Electrokinetics, page 32. 
Electrolysis, 94. 

, law of, 94. 

I of cojiper sulphate, 96. 

I of water, 95. 
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Electrolyte, 94. 

Electrolytic cell, 94. 
Electro-ioagnct, 8, 9, 80. 

, bar, 10, 80. 

, horscBlioe, 10, 87. 

, polarity of, 88. 

, ri^ht-liand rule for lindiiij; 

polarity of, 89. 

, theory of, 90. 

, use of, 91. 

Electromagnetic induction, 97^^ 
Electrometer, 112. 

Electro-motor, 97 
Electrojdatin", 97. 

Elcctroscoijc, ^^old-lcaf, 112. 

, fjfold-leaf, UHC of, 113. 

, plate of, lie. 

, to char^^e an, 110, 120. 

Electrostatic induction or in- 
lluenco, 123. 

, theory of, 125, 130. 

Electrostatics, i>aoc 8 1. 

, first law of, 110. 

Electrotyi»e, 97. 

Electroty])ing, 97. 

Elements of a cell, 50. 

E(iuator, maj^netic, 23. 

Exciting fluid, 54. 

External field of a magnet, 25, 

Field magnet of a dynamo, 97^. 
Free magnetism, 24. 

Frictional electrical machine, 132. 

series, the, 122. 

Fuller cell, 64. 

Galvanometer, astatic, 93. 
Galvanoscoj)e, 81. 

, horizontal, 83. 

, simple horizontal, 8], 


Galvanoscope, simple vertical, 82. 
Galvanosco])Cs and g.alvanomc- 
tors, diirerencc between, 92. 
Geogra[)hical meridian, 38. 

poles, 30. 

(ierman silver, 70. 

Glass, electrification of, 100. 

Glow lamp, 70. 

Gold-leaf electrosco]>e, 112. 

, to cliargc a, 110. 

, uses of, 1 1 3. 

Hardened steel, 3. 

Ilcating cdect of a current, 70. 
lloll’mann’s voltameter, 95. 
Horizontal galvanosco[>e, S3. 

gah anosco])e, sim]>le, 81. 

magnetic needle, 13, .39. 

Horseshoe electro-magnet, 10, 87. 
magnet, 10. 

Incandescent lam]), 70. 
Tncliiiation, 40. 

Tndiiecd current, 97^^ 

Induction, electrostatic, 12,‘>. 

, magnetic, .3,3. 

of currents, 97^^ 

]>recedes attraction, 31. 

influence, 12,3. 

machine, 1,32. 

, theory of, 125, l.‘iC. 

insulator, 49. 

Internal field of a magnet, 25. 
Jon, 94. 

Iron, magnetic behaviour of, 30. 

Kathion, 94. 

Kathode, 94. 

Keeper of a permanent magnet, 
,35. 
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Leclanchd cell, G5. 

Leyden jar, ] 35. 

, action of, 1 36. 

Lines of force, 17, 21, 27. 

, direction alon^, 21. 

, law of, 27. 

List of apparatus, pa^^e 125. 
Local action, 58. 

Lodestone, 2. 

, ma<;ncti.sin^ stool witli, 4. 

Ma^oict, 1. 

, artiiicial, 6. 

, har, 10. 

, compound, 12. 

, oontr()lliu<f, 93. 

, of loot of lu'cakin^, 22. 

, cneot of hoatin^^ a, 32. 

, external field of, 25. 

, liorseslioo, 10. 

, how to make a, 11. 

, how to tell a, .5, 1,5. 

, internal field of, 25. 

, natural, 0. 

, ])ermanent, 9. 

, poles of, 7. 

Mapjnetic attraction and repul- 
sion, 1.5. 

axis of a ma;^net, 23. 

behaviour of ii on and steel , 30. 

circuit, 20. 

etiect of a current, 71, 73. 

equator of a magnet, 23. 

field, 20. 

field of a current, 72. 

field of a current, direction 

along, 74. 

figures, 18, 19. 

figures illustrating attraction 

and repulsion, 19. 


Magnetic induction, 33. 

lines of force, 17, 21, 27. 

lines of force, direction along, 

21 . 

lines of force, law of, 27. 

meridian, 38. 

needle, 1.3, 39. 

Miignetising steel by means of 
lodestone, 4. 

, methods of, 4, 11. 

Magnetism, page 1. 

, efiect of vibration and heat 

on, .32. 

, first law of, 16. 

, free, 24. 

of the earth, .30. 

, theory of, 29. 

Mariner’s conqiass, .35. 

Mercury cups, 85. 

Meridian, geograjdiieal, .32. 

, magnetic, 32. 

Molcculai' theory of magnetism, 
29. 

Motor, 97^/. 

N =Noi'tli. 

Natiu'al magnet, 0. 

Negative electrification, 40, 19S. 
Non-conductor, 49. 

Oersted stand, 78. 

, ex])eriincnts with, 79. 

, siinide, 80. 

I’arallel, colls in, 00. 

Perm.anent magnet, 9. 

, how to make a, 11. 

Plate of an electroscope, 110, 
Plates of a cell, 50. 
l*oint.s, action of, 131. 
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Polarisation, 55. 

of steel and iron, 33. 

Polarity of solenoids and electro- 
magnets, 88. 

, right-hand rule for finding, 

89. 

Poles of a cell, 57. 

of a magnet, 7. 

Porous pot, 61. 

l*ositive direction round the mag- 
netic field of a current, rule for 
finding, 75. 

electrification, 40, 108. 

I'otential, 47. 

difference (P.D.), 47, 48. 

Proof plane, 114. 

Repulsion, electrical, 105. 

Resistance, 70. 

Right-hand rules. Sec Rule. 

Ring armature, 97c. 

Rubbers of an electrical machine, 
132. 

Rule for finding the direction of 
a current in a wire, 77. 

for finding the direction of 

deflection of a magnetic needle 
by a current, 70. 

for finding tlie ludarity of 

solenoids or electro-magnets, 89. 

for finding the positive di- 
rection round the magnetic field 
of a current, 75. 

S = South. 

Sealing-wax,electrification(»f, 101 . 

Series, colls in, 00. 

Simple cell, 53, 54. 

dynamo, 976. 

Soft iron, 8. 


Solenoids, 84, 85. 

, polarity of, 88. 

, right-hand rule for finding 

polarity of, 89. 

Spark, 133. 

Steel, 3. 

, hardened, 3. 

magnet, 9. 

, magnetic behaviour of, 3(>. 

, magnetising by means of 

lodcstone, 4. 

, methods of magnetising, 4, 

11 . 

• 

Table of contents, page vii. 
Thale’s cxi)criment, 98. 

Theory of electricity, 45. 

of electro-magnets, 00. 

of inlluence, 125. 

of magnetism, 29. 

Two-lluid cell, 00. 

Use of clectro-magncts, 91. 

Uses of l)attcrics and dynamos, 
G7((. 

of the gold leaf electroscope, 

113. 

Vertical galvanoscope, simple, 82. 

needle, 14, .3.3. 

Volt, 07. 

Voltameter, 91. 

, IJollinann’s, 95. 

Water, composition of, 95. 

, electrolysis of, 95. 

Wire, 8. 

Zero j)otential, 47. 

Zinc, 58. 


N.D, — The figures refer to the numbered parofjrffpha. 
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